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PREFACE TO THE THIRD EDITION. 



The &ct of the sale, within less than two years, of 
two large editions of his little work, is sufficient evi- 
dence that there was a demand for a book of its 
character, which the author bad endeavoured, as the 
result has shown, not quite unsatisfactorilj to supply. 
Nevertheless, while most grateful for the kindness 
with which '* Household Chehistbt, ob the Che- 
mistry OF EvEBT-DAT LiFE," had been received by 
the press and the general public, the author con- 
ceived it to be his duty, in preparing for publication 
another edition, in the form he intended it finally to 
assume, to make it, as far as he could, more worthy 
of the favor it had hitherto enjoyed. The altera- 
tions which he considered it desirable to make, to- 
gether ^th circumstances not within his control, 
have combined to delay the pubhcation of this edi- 
tion ; but the author trusts that the delay has not 
been without advantage to his work. The whole 
has been revised, and the Appendix entirely re- 
written; while the addition of numerous illustra- 
tions is calculated to render the book more popular 
and generally useful. Imperfect as the work un« 
doubtedly remains, the author trusts it may be 
found a useful manual of the chemistry of common 
life. 

Debbt, Jwm, 1854. 



PREFACE TO SECOND EDITION. 



The favoi* with which this little volume has heen 
received hy the periodical press, and the rapidity 
with which the first edition has been sold, relieve 
me of the necessity of apologising for its re-publica- 
tion. To make it, however, more worthy of a kind 
reception, I have not only thoroughly revised it, but 
re-arranged it in many parts, and made such additions 
as to render it more useful to the tyro in chemistry. 
To increase its suitableness as a school-book, I have 
added questions to the end of every chapter. Still 
I repeat, that I do not offer it as a class-book to 
regular students of Chemistry. For such, the ex- 
cellent introductions by Graham, Fownes, Brande, 
Liebig, Tumei*, Gmelin, &c., are all-sufficient I 
have written chiefly for the young, and for those 
who, although people of general education, witness 
in the processes of daily life some of the most im- 
portant chemical operations in themselves, and all 
that is done for their subsistence, without either 
knowing or heeding those great laws by which the 
Author of the Universe has produced and sustains 
His creation. To such, it was thought, an expla- 
nation of these cheinicsd phenomena, in a familiar 
form, such as is usually adopted in lectures, would 
prove most advantageous. It might explain and 
clear up many things, remove many errors, and 
often supply hints for doing some things better and 
more effectually than they are usually performed, 
or remedies in cases of failures or accidents, which 
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Otherwise might prove iDJurious or even dangerous ; 
and* here and there, encourage persons of sufficient 
talent and leisure to enter upon the serious study of 
a scienoe» which offers such an abundance of amuse- 
ment and instruction. 

I have naturally availed m3rself of the labors of my 
predecessors and cotemporaries, as must necessarily 
be done in attempting to write on any science. I 
have even gone so &r as to make use of the very 
words of others, if I thought I could gain nothing in 
precision and clearness by employing expressions of 
my own. I hare, howeyer, not failed to acknowledge 
the sources from which I have thus drawn, except in 
eases where the words had impressed themselves on 
my memory with the facts they had taught me, with- 
out my being able to remember the original mind to 
which I may be indebted for both. Any one ac- 
quainted with the works of some of our English 
Chemical writers, and of those of Germany, will un- 
derstand what I mean. 

The titles of the several chapters are imitated from 
Professor Liebig's " Chemistry of Food ;" for, as far 
as I remember, I first thought of lectures under such 
titles after reading that beautiful work. When I first 
delivered the lecture on the " Chemistry of the Break- 
fast," some five years ago, the idea was suggested to 
me by the book just alluded to. The other chapters 
which make up "Household Chemistry," follow of 
necessity from the previous thought. 

The name ** Household Chemistry " was suggested 
to me by a clergyman, whose knowledge is only ex- 
ceeded by his goodness, and whose friendship I have 
the honor to enjoy. The term was, no doubt, sug- 
gested by that admirable periodical, " Household 
Words," a serial worthy of the attention of young 
and old. 

The Appendix contains a number of useful and 



VIU PREFACE TO SECOND EDITION. 

simple experiments, many of which may be under- 
stood and performed by a child of eight years old. 

To those who, by the perusal of this book, may be 
induced to become students of Chemistry, I would 
recommend the Manual of Fownes. It is compact 
and accurate, and contains an immense amount of 
well-digested information. 

In conclusion, I would add one word of caution. I 
should be sorry in any way to encourage a mere smat- 
tering of knowledge ; but the experimental parts of 
Chemistry are so striking, that there is danger of 
their fixing the attention, to the exclusion of any 
consideration of the relations which subsist between 
the phenomena. It were as profitable to witness a 
display of fireworks, as thus to attend to chemical 
experiments. The penalty of the sweat of the brow 
is as much exacted for the enjoyment of knowledge 
as of that of the fruits of the field. 



Chemical Laboratory, Derbt^ 
Septembef^ 1852. 
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THE CHEMISTRY OP THE ATMOSPHEUE. 



1. The most intimate relations exist between the 
constituents of air, and those of plants and j^niwift lg ; 
80 intimate^ indeed, that an intelligent knowledge of 
the varied properties of the air will enable us to 
understand a host of the phenomena which cross 
our daily path. By far the greater bulk of sub- 
stanceif constituting the vegetable kingdom, such as 
water, starch, sugar, wood, gum, the various oils so 
remarkable for their odors, and the resins, are con- 
tained, in an elementary form, in the air : in the 
animal kingdom, also, with the exception of the 
bones, and the small portions of earthy matters per- 
vading every liquid and solid part of the body, we 
find nothing which is not discoverable in another 
form in the atmosphere. The very life of plants 
and animals depends upon air, and the wholesome- 
ness of the latter, upon the relations existing between 
the animal and vegetable kingdoms. 

2. The ATMOSPHERE derives its name from the 
Greek iirfwe (atmos) vapor, and ai^alpa (sphaira) a 
sphere or globe, because it envelopes the earth as 

i^ B 
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with a mantle, and accompanies it, as the earth 
revolves through space. It is also bounded in ex- 
tent ; but whether from cold, or from a limit to the 
expansibility of its particles^ is not well ascertained. 
Being confined to the earth's surface by gravitation,* 
we find it most dense near the level of the sea. 
The density of the air decreases rapidly as we rise 
above the surface of the earth ; thus, at a height of 
three miles it is one-half the density of the air at 
the earth's surface, at six miles it is one-quarter, at 
fifteen miles ^ of that density. The chief part of 
the atmosphere is thus evidently always within 
twenty miles of the surface of the globe, although 
from very sufficient reasons it is supposed to extend 
only to a height of forty-five mileS| in a state of 
perceptible density. 

3. The air is as much a material substance as 
iron or water ; it is therefore possessed of weight, 
as the following experiment will prove. If a glass 
tube, closed at one end, be partly filled with water, 
and inverted in a basin also filled with water, the 
fluid will not fall in the tube, but remain suspended 
at a much higher level than that of the water in 
the basin. This is owing to the pressure of the air 

* Gravity is the principle of solidity and attraction, — a force 
put forth by all bodies alike, but lessening with increase of 
distance. Gravitation causes a stone to reach the ground, 
when permitted to fall from the hand; it is also gravitation 
which leads the moon in its path round the earth, and both in 
their yearly course round the sun. In short, gravitation is 
the cause of that effect, to which we apply the term weight, 
from gramtas, weight ; the weight of any substance being 
merely a measure of the attraction of the earth for it. 
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upon the water in the hasin ; for, if the tube were 
perforated at the top, the pressore of the air would 
be exerted equally on the water in the tube and in 
the basin, and accordingly the water would fall to 
the same leveL If the tube be of any length under 
thirty-three feet, filled with water and inverted, the 
pressure of the air upon the water in the basin will 
be sufficient to keep the tube full ; or, in other 
words, a column of air of a certain diameter is equal 
to a column of water of the same diameter, thirty- 
three feet in height. 

4« If the air be exhausted from the 
tube by means of the air-pump, and the 
open end then placed under water, the 
water will be found to rush with yiolence 
up the tube, and so fill it. At the 
height of thirty-three feet then, the 
column of water becomes balanced by 
the atmosphere; any change in the 
pressure of which must, of course, be 
attended by a change in the height of 
the column of water. Such an instru- 
ment becomes therefore a measurer 
of atmospheric pre89ure-^-a Barometer , 
from jSopoc (baros) weight, and furpov 
(metron) a measure. Water barometers 
(an example of which may be seen in 
the hall of the Royal Society's rooms) 
are inconvenient, in consequence of 
their length. If we can therefore find 
a heavy liquid to replace the water, 
the tube need not be so long. Now 

Fig, L 




4 CHBMISTBT OF 

quicksilver, or mercury, happens to be thirteen 
and a half times heavier than water; the tube 
therefore requires to be but ^ times as long. A 
column of mercury, thirty inches in height (or a 
column of water, thirty-three feet high), exactly 
counterbalances the average pressnre of a column 
of air of equal diameter; in other words, the air 
presses upon the earth with a force equal to that of 
a layer of quicksilver thirty inches, or a layer of 
water thirty-three feet high. 

5. A column of water in a tube thirty-three feet 
high, and standing upon a square inch of surface, 
weighs about fifteen pounds: therefore a colamn of 
air pressing upon a square inch, weighs likewise 
about fifteen pounds, because it has been shown to 
balance the water. Now the atmosphere presses 
equally in every direction : how great, then, must be 
the pressure upon all bodies, the following fact will 
prove. The surface of a man's body is about 2000 
square inches; the pressure of the air upon it must 
be 2000 times fifteen pounds, or nearly fourteen tons! 
Such a force would crush the body to atoms, were 
it not opposed by the equal and contrary pressure 
of the air and other liquids within. 

6. The vacant space above the quicksilver, in the 
closed end of the barometer-tube, is called the Tor- 
ricellian vacuum, from its hav ing been observed by 
Torricelli to be free from air. 

7. There are several modifications of the baro- 
meter, such as the syphon and wheel barometers ; 
their action, however, is much the same as that 
which has been already described. 
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8. Ab regards the use of the barometer aa a wea- 
therglassy east and north winds usually cause the 
glass to rise; south and west to falL The first- 
named are coder, as they come from cold regions ; 
and drier, because they pass oyer continents : while 
the latter come from warm regions into colder, and 
thoa they lose some of their capacity for water, but 
as they pass over vast seas, they again attract much 
moisture. It therefore rains less frequently with 
north and east winds than with south and west. 
Wet and stormy weather is preceded by a fall of 
the mercury; fair and calm, by a rise. 

9. The weight of one hundred cubic inches of 
air, at ordinary pressure (30") and temperature, has 
been computed at 31*0117 grains. 

10. Temperature is ascertained by an instrument 
called a Thermometer, It is derived from two Greek 
words, OipiA6c (thermos) heat, and furpita (metreo) I 
measure. It does not show how much beat a body 
contains; but it points out a difference in the heat 
of various bodies. The thermometer gives the same 
kind of information which may be discovered by the 
feelings, viz.: the impression of heat or cold. All, 
therefore, that we learn from this instrument is, 
whether the temperature of one body is greater or 
less than that of another; and the difference is ex- 
pressed by the decrees of the thermometer. The 
latter consists of a tube of a uniform small bore, 
having a ball blown at one end. The ball and part 
of the tube are filled with quicksilver (or some- 
times spirits of wine), the air is expelled by boiling, 
and then the tube is closed. To obtain the degrees, 
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two fixed poiDts are required, the boiling and freez- 
ing of water. The distance between these two 
points may be divided into any number of equal 
parts or degrees. Fabrenheit, a philosophical in- 
strument maker, whose scale is commonly used, di- 
vided it into 180 degrees, beginning his scale at a 
point 32 of these degrees below the freezing-point 
of water, which is the zero of the scale. In France, 
the centigrade thermometer of Celsius prevails. He 
placed his zero at the freezing-point of water, and 
divided the distance between that and the boiling 
point into 100 degrees, whence the name centigrade. 
Reaumur, whose thermometer 
is employed in Germany, n- 
clopted the same starting-point 
or zero as did Celsins, but 
divided the distance between 
the boiling and freezing of 
water into 80 degrees only. 
Thus, the boiling-point of 
water on Fahrenheit's scale is 
212, on the centigrade 100, and 
Mg>.!(,3,»na». on jjjgt of Reaumur 80. In 
order to compare these thermometers with each other, 
it need only be remembered that 4 degrees of Reau- 
mur are equal to 5 of Celsius, and 9 of Fahrenheit. 
To express degrees, the sign • is employed ; to all 
above 0° or zero, the sign 4 is usually prefixed, to 
those below 0°, invariably the sign -, 

II. The temperature of the air is greatest near 
the earth, because the air transmits the rays of light 
without decomposing them, and cannot therefore be 
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heated by them before they reach the surface of the 
earthy where they are decomposed^ and their heat 
set free. The air, which thereby becomes warmed, 
ascends and mixes with the upper, colder strata. 
This is the reason why the atmosphere becomes 
colder as we ascend into it, until, even in the hottest 
summer season, its temperature sinks below the 
freezing-point. In the lower strata, this decrease 
of temperature has been found to amount to about 1 
degree for every 352 feet of ascent, although at 
greater elevations the decrease is probably less 
rapid. This is also the reason why the temperature 
decreases in ascending high mountains, until, even 
in the warmest climates, the region of perpetual 
snow may be reached. 

12. The ordinary temperature of the air is 60° 
F. In ^Household Chemistry," all allusions to 
temperature are according to Fahrenheit. 

13. As might be expected, the air is both taste- 
less and inodorous ; were it otherwise, our sense of 
taste and smell would be comparatively useless. It 
is also perfectly transparent and colorless ; but when 
viewed in masses, as in a clear sky, it presents a 
blue appearance. The color of the blue sky is 
probably peculiar to it ; Brewster has shown that 
it is due to reflected light. The atmosphere must 
therefore have a disposition to absorb the red and 
yellow rays, and to reflect the blue. In consequence 
of the dark space beyond our atmosphere being seen 
through it more distinctly, the color of the air 
deepens in intensity the higher we rise ; at great 
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heights, therefore, the skj has almost a black ap- 
pearance. The gradual transition of the blue color 
into light blue, is owing to reflected light from 
vapor suspended in the air. 

• 14. Atmospheric air consists chemically of a 
mixture of several gases. According to the latest 
experiments, one hundred volumes of air are found 
to contain twenty-one volumes of oxygen — so called 
from two Greek words, o^vq (oxus) acid, and yevvcuaf 
(gennao), I produce, because formerly supposed to 
be the only acidifying principle. This gas is most 
abundantly diffused throughout nature, forming as 
much as eight-ninths of the weight of water, one- 
fifth of the weight of air, and nearly one-half of the 
weight of the solid rocks which constitute our globe. 
It is also largely contained in all animal and vege- 
table substances. Of the importance of oxygen too 
high an idea can scarcely be conceived. Neither 
respiration nor combustion can be carried on with- 
out it; in its absence no human being or animal 
can live, no candle or fire can bum. On these ac- 
counts, oxygen is also called vital aib, from vita, 
life ; and empyreal air, from ey (en) in, and grvp 
(pyr) fire. Water absorbs oxygen ; hence it 
i^ always found in rain, snow, spring, and river 
water. The oxygen contained in rain, as it trickles 
through the soil, ministers to the growth and nour- 
ishment of plants in various ways. It exerts a 
ve>7 powerful influence upon some of the consti- 
tuents of the soil, rendering them soluble in water, 
and is the cause of the decay and putrefaction of 
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vegetables. It has neither color, taste, nor smell ; 
and is always gaseoos, when not combined with 
other matters. It does not change the color of 
iflowers. Its specific gravitj* is greater than that 
of air, being as 1*111 to 1*000. 

15. Oxygen is an dement ; a term by which we 
understand soch a form of matter as has hitherto 
resisted all attempts to decompose it, or to separate 
it into simpler forms. 

16. finally, oxygen possesses most powerful at- 
tractions for other bodies. When a substance unites 
with oxygen, it is said to oxydbse ; the act of com- 
Unation is called oxjfdaUon. Oxydised bodies are 

* It mmy be as well to ezplain what is meant by the term. 
It is obvious that different pieces of the same substance will 
▼ary in wtiglUf according to their size ; but a small piece of 
gold will weigh much less than a large piece of cork« which 
would really be lighter, if the two were of exactly the same 
magnitode. In all sdentifio inyestigation of substances, it is 
highly important to know what would be their r«2a<toe wagku^ 
if they were of the same magnitude ; or, what is still more 
convenient, their relative weight compared with some accepted 
standard. Thus, purb wateb, of a certain temperature, is 
the wUmdard whereby to compare the weights of UqmdM and 
sofidi; AIR the aAoMdard of comparison between the weights 
of gattt. If we compare a mass of iron with a mass of water 
of exactly the same size, and suppose the water to weigh 1, 
the iron will be fbund to weigh 7*8, or nearly 8 times as 
heavy. TVte nMmben rtpretaU the $pecific graviHea of iron and 
ike tiamdard of eomparuoHf water; because if equal pieces of 
them of any other size were taken, their relative weights 
would be the same, though their absolute weights would be 
less or greater than those of the first pieces, according as 
they were smaller or larger. To obviate the necessity of re- 
dndog a new substance to precisely the same size of another. 
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divided into two classes: acid^ and oxides. The 
former division includes those compounds which 
possess the general properties of acids; and the 
latter comprehends those which not only do not 
possess that character, but yield salts by uniting 
with acids. 

17. But oxygen also exists in the air in another 
form. Wonderful as are the oxydizing properties 
of free oxygen, they sink into insignificance when 
compared with oxygen in a nascent state. By this 
term, we mean oxygen slowly liberated from water 
or some other of its compounds, by natural or arti- 
ficial processes. The discovery of nascent oxygen 
in air is due to Professor Schoenbein, of Bile, in 

for the purpose of comparing their weights, we adopt the fol- 
lowing plan. If we immerse a piece of a substance, no matter 
what be its form, in water, it will 
displace a quantity of water ex- 
actly equal to itself in bulk. The 
substance so immersed is, in some 
measure, supported by the water 
pressing upwards against its under 
side ; it consequently loses weight, 
proportioned precisely to the bulk 
of water displaced by the sub- 
stance. Hence, if the wcUer be 
assumed as the standard, by weigh- 
ing a body first in the air, and 
then again when immersed in 
water, the difference of the two 
weights is the weight of a body 
of water precisely equal in bulk to 
the body. By these means, the 
specific gravity of the body, or its ^^^' ^• 

relative weight, as compared with the standard, is ascertained. 
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Switzeriand« He calls it ozomr (from oCw (oso), I 
yield odor), because he has proved it to be iden- 
tical with the peculiar matter evolved from the 
electrical machine, and known as the electric smell. 
That ozone is eztensivelj formed in nature, will be 
evident when we reflect upon certain of its proper- 
tie& It is nature's great bleaching and disinfectii^ 
agent. Although there are doubtless other pro- 
cesses, electricity may be said to be the main agent 
in the formation of ozone. The amount of it in the 
air, though generally so small as not to manifest its 
presence by its smell, is ever varying. Neverthe- 
less, there is good reason to believe that this modi- 
fled oxygen plays an important part in the purifi- 
cation of the air, and in the phenomena of health 
and disease. 

18. Mixed with the vital air, the atmosphere is 
found to contain, in every hundred volumes, seventy- 
nine volumes of another gas, called azote or m- 
TBOGEN. The name azote (from a, privative, and 
Zwj, zoe, life), was given to it on account of its 
inability to support life ; and it was called nitrogen, 
as being a constituent part of nitric acid. Like 
oxygen, it is an element, has neither color, taste, or 
smell, nor any action upon vegetable colors. Unlike 
oxygen, it does not support respiration or combus- 
tion. Nitrogen is rather lighter than atmospheric 
air, compared with which its specific gravity is as 
0*972 to rOOO. It is a constituent of many vege- 
table and of most animal substances; indeed, no 
kind of food can be considered nutritive, or, at 
least, capable of forming flesh and blood, unless 
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nitrogen forms a part of it. Although it will 
not support respiration, the fact of its forming so 
laige a portion of the air, proves its harmlessness. 
We are doubtless unacquainted with many of its 
uses ; but we know that its presence in the atmos* 
phere is essential to temper the effects of oxygen 
upon the system, for pure oxygen, if inhaled by a 
4iuman being or an animal for any length of time, 
' will cause inflammation, and ultimately death. Ni- 
trogen manifests so few and such feeble attractions 
or affinities towards oxygen and other bodies, that 
it is eminently adapted for admixture with other 

gases. 

19. Another important constituent of the atmos- 
phere, although, however, very small in amount, is 
CABBONiG ACID, Called ^Hisojixed air, or choke-damp. 
According to the most recent experiments, one 
hundred volumes of inland air, contain, on an aver- 
age, 0*05 volumes of carbonic acid gas. The air on 
mountains contains more carbonic acid than that of 
low lands, probably because in the higher regions 
the air meets with fewer plants, and the carbonic 
add is less likely to be absorbed by moisture. The 
maximum quantity of carbonic acid in the atmo- 
sphere is found towards morning ; the minimum, at 
the close of day. Its sources are very numerous. 
At every respiration of men and animals, a portion 
of the Carbon of the blood unites with the oxygen 
of the air, and forms carbonic acid. The combus- 
tion of wood and coal, the processes of decay, fer- 
mentation, and putrefaction, are also largely pro- 
ductive of this gas. Whenever carbon unites with 
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oxygen at high temperatures, carbonic add is alwajs 
the result. 

20, This constitoent of the atmosphere is, theii| 
a compound bodj — a compound of oxygen with an- 
other element, casbom. That rare and beaotifol 
gem, the diamond^ consists of pure carbon. It crys* 

Fiff. C. 
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tallizes in cubes (1) as well as octohedrotu^ (2) the oc- 
tohedral crystals presenting often a peculiar appear- 
ance, from the rounding of the edges, (3) which give 
almosttheform of a sphere to it ; is generally colorless 
and transparent, of greater hardness than any other 
known substance, peculiarly lustrous, and, like oxy- 
gen and nitrogen, a non-conductor of electricity. 
Its specific gravity is greater than that of water, 
being no less than 3*62. Heated to redness in an 
atmosphere of pure oxygen, the diamond unites 
with it, burns quickly away, and forms carbonic 
acid. Flumhago is also a species of carbon. It is 
so soft, and imparts its color so readily to other 
bodies, that it is used in making (lead) pencils, whence 
its other name, graphite, from the Greek, ypa^uv 
(graphein), to write. From its similarity to lead, 
and the black polish it gives to stoves, it is also 
called black lead. But, besides these two forms 
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of it) carbon is to be met with in great abun- 
dance, both in the animal and vegetable kingdom. 
Coal, charcoal, coke, and soot, consist mainly of 
carbon ; indeed, it is to be found in nearly all the 
materials employed in the production of artificial 
light and heat. 

21. For the purpose of forming an idea of the 
quantity of carbonic acid given off to the air in a 
single place, it may be mentioned that in London 
and its suburbs two million tons of coal are annually 
consumed, the combustion of which requires up- 
wards of four million tons of oxygen, which must be 
provided by the atmosphere. To this carbonic acid, 
resulting from the union of the coal with oxygen, 
taust be added that produced by the burning of so 
many gas-lights, candles, &c. Again, there are con- 
gregated in the metropolis upwards of two million 
of human beings, each of whom will, on an average, 
daily supply four pounds of carbonic acid to the 
atmosphere ; and if to this be added the production 
of this gas, — the result of respiration, from horses 
and other animals, and from the processes of fer- 
mentation in breweries and distilleries, it will ap- 
pear that London alone supplies the enormous 
quantity of eleven millions of tons annually to the 
atmosphere. 

22. Carbonic acid, then, is of very frequent oc- 
currence. At ordinary temperatures it is a color- 
less gas, incombustible, and does not support the 
combustion of most other bodies. Although one of 
the weakest acids, it communicates a red color to 
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blue litmus* paper, and combines with oxides, 
forming a class of salts called carbonates, Thos, 
for example, it has great affinity for lime, with 
which it readily combines, and forms carbonate of 
lime. It has a slightly irritating odor ; and when 
inhaled pure, or even largely admixed with air, 
causes death. Water, at ordinary temperature, ab- 
sorbs its own volume of this gas, but much more 
under pressure. Upon this principle soda-water is 
made, which consists simply of water into which car- 
bonic add is forced by pressure. YHiat is usually 
termed effervescence (from effervescensy boiling), is 
produced by the rapid esci^ie of this gas, as in 
champagne, ginger-beer, ale, and porter. Its spe- 
cific gravity is far greater than that of air, being as 
1*525 to 1*000. It is therefore liable to accumulate 
in such holes and caves of the earth where it may 
happen to be generated; and even in rooms not 
properly ventilated. In close rooms the oxygen of 
the air is, by the process of respiration, converted 
into carbonic acid ; and the atmosphere would soon 
become unfit for breathing, were it not for the 
change of air which takes place through the cre- 
vices of doors and windows. Since, then, carbonic 
add is of such frequent occurrence, being always 
present in the air, and being constantly formed at 
the expense of the oxygen of the latter, — ^how is it, 

* litmus or Orchil, so much used as a delicate test for the 
presence of acids, which immediately change its blue color 
into red, is prepared by boiling a lichen — the Bocella tinc- 
toria — in water. Strips of white blotting-paper, dipped into 
such a solution, and dried, form the litmus paper. 
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it may be asked, that the quantity of oxygen does 
not unduly diminish,* and the carbonic acid in- 
creaBe to a moat injarious extent? 

23. This question, the volution of which is most 
important, is intimately connected with another, — 
osmely, whence do plants obtain their carbon? 
The most simple experiment will prove the pre- 
BQDce of carbon in the vegetable kingdom. If we 
char a piece of wood, a stalk, a leaf, or a piece of 
dry potato, the carbon becomes manifest, and ap- 
pears as a black substance like charcoal. This sub- 
stance is impure carbon. It may, perhaps, be as- 
sumed that carbon, being an elementary substance, 
cannot be produced by the plants themselves, but 
must be derived by them from surrounding sab- 
Stances. Now the chemical phenomena of vegeta- 
tion are accomplished by the concurrence of the 
elements of the air, of water, and of the toU. A 
Meed, with reference to its oi^anization, consists of 
n embryo,a (which includes 
the germs of the root and 
of the stem), and of the eo- 
rp,wtw"ii '^^'w or co*yfc(to«s,6 which 

All seeds contain starcb 
and gnm, a substance (as 
Fig. T. in peas and beans) resem- 

bling cheese, oily matters, and a certain small por- 
tion of ashes ; which latter may be seen, if the seed 
be burnt. 

• According to a olcnlBition of the illnstrions Faraday, no 
less than T,\i!ifin torn of oxygen are daily required in the 
ecanomy of nature. 
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24. If some seeds be moistened, and placed under 
a glass containing common air, all the signs of ger- 
mination will soon be perceived. On examination 
of the air, after a few days, it will be found to be 
altered in its composition ; a portion of its oxygen 
has disappeared, and a corresponding volume of 
carbonic acid has been produced. Now, we know 
that seeds will not germinate in an atmosphere de- 
prived of oxygen, and that the process of germination 
is always accompanied by the formation of carbonic 
acid. Grermination and respiration are therefore 
alike in this property. Some seeds are known to 
germinate under water ; this is owing to the con- 
stant presence in the water of atmospheric air in a 
state of solution. The larger the quantity of oxygen 
which immediately surrounds the germinating seed, 
other conditions being the same, the greater will be 
the quantity of carbonic acid generated in a given 
time. Oxygen is as favorable to germination as 
the presence of large quantities of carbonic acid is 
unfavorable; and the process will be manifestly 
hastened, by placing lime near the seed, in order to 
absorb the carbonic acid as fast as it is formed. The 
seed at first loses in weight from this formation of 
carbonic acid; but, as germination advances, and 
the roots and stem acquire size and shape, the in- 
crease of mass becomes very considerable. A seed 
of beet-root, of the weight of ~ of a grain, may 
produce a root weighing twenty-eight pounds. 
Now, without denying the influence of the soil 
upon the growth of a plant, it is a well-attested 
facty that a seed may give birth to a plants nay, 

c 
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arrive at perfect maturity, by the mere concurrence 
of water and air. 

25. Carbon is the predominating principle in 
dried plants, and is met with in the atmosphere in 
the form of carbonic acid. 1?\bil%' under the inftu- 
ence of solar light, are capable of decomposing this 
carbonic acid; its carbon unites with them, and its 
oxygen is restored to the air. The researches of 
de Saussure show the necessity of the presence of 
light in making the carbonic acid act > favorably 
upon vegetation. He found that young plants, 
under the influence of solar light, decidedly throve 
when the atmosphere contained as much as ^ of car- 
bonic acid, and that their growth was evidently 
more vigorous than when in common air alone ; and, 
at the conclusion of one experiment, he found almost 
the whole of the carbonic acid replaced by oxygen ! 
He discovered further, that the smallest addition of 
carbonic acid to the air, above its ordinary quantity, 
is injurious to plants in the shade. At night time 
the assimilation of the carbonic acid ceases : oxygen 
is no longer exhaled from the leaves of the plants, 
but a true chemical process commences. Oxygen is 
inhaled by the leaves, and carbonic acid formed at 
the expense of the carbon contained therein ; and 
this acid is retained, either in part, or wholly, in 
proportion as the green part of the leaf is more or 
less plentifully provided with water. 

26. Here, then, we find the solution of the ques- 
tion, how it occurs that the proportion of oxygen in 
the atmosphere has remained unchanged in the lapse 
of ages. We find the life of plants connected with 
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that of animated nature in the most simple manner* 
and for the most wise purposes. The vegetable 
world not onlj affords the means of nutrition for 
the growth and continuance of animal life, but also 
separates the noxious carbonic acid from the at- 
mosphere, and is an inexhaustible source of pure 
oxygen, supplying to the air the loss constantly sua- 
tained by it in the support of the animal creation. 
As» therefore, animals exhale carbonic acid, whilst 
plants intpire it, the composition of the atmosphere^ 
the i|iedium in which both live, remains unchanged. 
^ 27. Water, also, is ever present in the atmos- 
phere. In the state of vapor it exercises a most 
importaipt influence on the health of human beings 
and aninials, and on the growth of plants. At all 
temperatures water rises by evaporation into the 
air, which, therefore, is constantly impregnated 
with it ; it accompanies the air wherever it pene- 
trates, it pervades the pores in the leaves of plants, 
and gains admission into the lungs and skins of 
animals. The quantity of vapor which the atmos- 
phere is capable of holding, is dependent upon tem- 
perature. When fluid water is present with vapor 
in large proportions, the latter becomes completely 
moist and opaque, as in mist and in clouds. (The 
red and golden tints of clouds appear to be owing 
to a peculiar property of steam . When steam issues 
into the atmosphere from under a pressure of from 
five to thirty pounds on the inch, a light appears of 
a deep orange-red color. The steam possessing: 
this color is mixed with air, and on the point of 
condensation.) When the temperature of a cloud. 
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containing vapor in large quantities, falls, a portion 
of the vapor is condensed, and falls in the form of 
rain. When clouds form at temperatures below 
32**, the watery vapor is converted into small 
needle-like crystals, which re-unite with many 
others, and fall as snow. The phenomenon of haU 
also is caused by cold, but under different circum- 
stances. Its formation is always attended by elec* 
tricity, and it seems to be produced in a moist 
ascending current of air (greatly cooled by rare- 
faction), having an upward velocity sufficiently 
strong to sustain the falling hailstones, until they 
have attained considerable size. 

28. As to the exact nature of fog, much differ- 
ence of opinion exists. There is no doubt it is 
caused by the separation of moisture from the air, 
but whether in the form of hollow globes of water, 
or as solid globules, is not well ascertained. London 
fogs are mixed with soot, and the various compounds 
resulting from the combustion of coal. These, to- 
gether with the emanations from its million inhabi- 
tants, &c., render such fogs peculiarly unpleasant. 

29. From the preceding remarks, it must be ob- 
vious that it is owing solely to the high temperature 
of the air that the presence in it of water is not 
always perceptible ; for, if a portion of air be cooled, 
the water therein becomes manifest. Thus, if a 
decanter filled with spring-water, fresh from the 
well, be brought into a room, the outer surface of 
the decanter will immediately become covered with 
dew, because the cold decanter deprives the sur- 
rounding air of the heat necessary to retain its 
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water in inviaible sdUition. And to generallj the 
appearance of dew alwaja follows a fall in the tem- 
peratore of the rabetanoes on which it ia deposited. 
All bodies on the earth's surface throw out heat in 
straight lines^ every warmer to every cooler body ; 
and thus the tendency of the surface of the earth b 
always towards a cooler state. When the sun shines, 
a body receives more rays than it sends out; its 
temperature, therefore, rises: when a body gives 
off more rays than it receives, as is the case on a 
cloudless night, its temperature falls ; and thus the 
cooling of bodies occasioned by nocturnal radiation 
is always accompanied by a deposit of moisture upon 
their surface, in the form of minute globules; in 
fact, by a fall of dew. 

30. In very warm climates, the dew is so plenti- 
ful as materially to assist vegetation. When the 
sky is clear and calm, plants cool down during the 
night, and very soon show a temperature inferior to 
that whidi surrounds them. No dew is deposited 
on cloudy nights, as the rays thrown off by the earth 
are returned by the clouds, and the temperature of 
the air is consequently maintained. Nor does dew 
fall equally upon all bodies. " Different substances 
are endowed with the property of radiating their 
heat, and of thus becoming cool, with different de- 
grees of rapidity; and those substances which in the 
air become cool first, also attract first and most 
abundantly the particles of falling dew. Thus, in 
the cool of a summer evening, the grass-plat is 
wet, while the gravel- walk is dry; and the thirsty 
pasture and every green leaf are drinking in the 
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descending moisture, while the naked land and the 
barren highway are still unconscious of its fall. 
How beautiful is the contrivance by which water is 
thus evaporated, or distilled, as it were, into the 
atmosphere— largely, perhaps, from some particular 
spots — then diffused equably through the wide and 
restless air, and afterwards precipitated again in re- 
freshing showers or in long mysterious dews! But 
how much more beautiful the contrivance by which 
the dew selects the objects on which it delights 
to fall; descending first on every living plant, co- 
piously ministering to the wants of each, and ex- 
pending its superfluity only on the unproductive 
waste." — JohnstorCs Agr, Chem, 

31. Nocturnal radiation is frequently destructive 
to vegetation in spring and autumn, by lowering the 
temperature several degrees below the freezing 
point : for when the cooling of the earth's surface 
descends below 32°, the dew appears as frost. An 
unclouded sky affords the principal condition for 
nocturnal radiation. Before w^e had attained to the 
knowledge that bodies on the surface of the earth, 
on a clear night, become cooler than the surround 
ing air, it was difficult to comprehend how the 
flimsy coverings, which gardeners throw over vege- 
tables for their protection from injury consequent 
on a low temperature, could be effective. The 
natives of Peru, having observed that it freezes 
only when the sky is clear and calm, contrive to 
create artificial clouds, when they are led to appre- 
hend a frost. They set fire to heaps of damp straw, 
and thus raise a cloud of smoke over their crops — a 
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measore which BoussiDgaiilt states to be a complete 
protectioii. 

32. Water was for ages regarded as an element. 
Not longer ago than 80 years, it was thought possible 
to convert it into an earth ; and we owe the correc- 
ti<m of this error to the great French chemist, 
Lavoisier. In 1781, Cavendish and Watt first 
showed the compound character of water. 

33. There is an element, hydrogen, — so called 
from two Greek words vlia^ (hudor) water, and 
ytvvojikv (gennaein) to generate, which, when in- 
flamed in contact with air, produces water: the 
latter being a chemical combination of oxygen and 
hydrogen. The compound which contains hydrogen 
in the greatest abundance is water, of which it forms 
one-ninth by weight. It exists further as water of 
crystallization in crystals, and as a constituent of 
innumerable vegetable and animal bodies. Hydro- 

' gen is always prepared from water : when pure, it 
is a colorless, tasteless, and inodorous gas. Its 
specific gravity is 0*693; it is therefore 14^ lighter 
than air, and may. be used for inflating balloons. 
Although very inflammable, it does not support the 

. combustion of other bodies; nor is it known to exist 
in nature in a free state. 

. 34. Hydrogen cannot be inhaled in a state of 
purity. In this respect it is like nitrogen. Not 
that hydrogen is poisonous ; but, inasmuch as oxy- 
gen is essential to life, and is thereby prevented 
from entering the lungs, it becomes injurious. 

35. If two volumes of hydrogen be mixed with 
one volume of oxygen, no combination ensues. But^ 



24 CHEMISTBT OF 

the flame of a burning body, the electric spark, or a 
red-hot coal, are sufficient to induce rapid combina- 
tion; a violent report is heard, and water results. 
On account of the property of such an admixture 
of oxygen with hydrogen, to explode on the ap- 
proach of flame, it is called detonating gas^ or explo' 
sive gas, 

36. To water and carbonic acid, whose presence 
in the air is constant, though small in quantity as 
compared with oxygen and nitrogen, must be added 
yet another substance, ammonia, in combination 
with carbonic acid, as carbonate of ammonia. It 
owes its name ammonia to sal-ammoniac. This 
salt the Romans derived exclusively from Ammonia, 
a district of Lybia, in Africa, where an Egyptian 
god, Amun, was worshipped. It is called hartS' 
homy because it was first prepared from harts' 
horns : its odor is familiar to all as that of smelling- 
salts. It is a definite compound of nitrogen with 
hydrogen. At the ordinary temperature of the air, 
ammonia is a colorless gas, possessed of a pungent, 
exciting, and enlivening odor. It is feebly com- 
bustible, but does not support the combustion of 
other bodies. Animals die when immersed in it. 
Red vegetable colors are turned blue by it. The 
gas is very soluble in water; one measure of the 
latter will absorb as much as 680 measures of the 
former. The thus-formed liquid ammonia of the 
shops is possessed of all the pungent properties of 
the gas. Nor does it lose these properties when 
combined with carbonic acid, for carbonate of am- 
monia still emits a pungent smell. In the atmo- 
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sphere, however, it is contained in stich minnte 
quantities, that it is never known to communicate 
even the faintest odor to it. According to Freaeniuf, 
one million parts of air contain only 0*283 parts of 
carlxmate of ammonia bj day, and aboot twice that 
quantity by night. The comparatiTe smallness of 
the quantity present by day is probably owing to 
two causes: 1» that in the daytime more ammonia 
is expended in the nutriment of plants ; 2, that the 
ammonia which accumulates during the day and 
night together, is dissolved and precipitated by the 
dew at sunrise. Be this as it may, it is certain that 
the ammonia of the air does supply wild plants with 
much of the nitrogen required for their growth. 
It is well known that in the process of decay and 
putrefaction, ammonia is constantly evolved from 
all vegetable and animal matters containing nitrogen. 
We know, also, that salts of ammonia are products 
of the combustion both of wood and coal. From 
many sources, and at all times, ammonia rises into 
the air, and plays an important part in vegetable 
nutrition. It is certain that salts of ammonia have 
not (mly been discovered in the juices of many 
plants, but that the roots are capable of taking them 
up. And it is equally certain that guano, and such- 
like manures, owe much of their value to the large 
amount of ammoniacal salts which they contain. 
37. In addition to oxtoen, ozone, nitbooen, 

CASBOmC ACID, CABBOMATB OF AMMONIA, and 

WATEBT VAPOB, all of which must be regarded 
as constantly present, we find the atmosphere cap- 
able of admixture with certain accidental impurities, 
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which are dependent upon localitj. Thus, near 
and above the sea, the air is always found to contain 
COMMON SALT, and indeed all the other components 
of salt water. Nitric acid also appears to be 
formed in the air, especially during thunder-storms. 
In the Tropics, electrical discharges are constantly 
taking place in the clouds ; and this is probably the 
origin of a great portion of the nitric acid which is 
found on the surface of the earth in the form of 
nitre, nitrate of potash, or saltpetrp. Many ob- 
servers have proved the presence of nitric acid in 
the rain of thunder-storms; and the author has 
witnessed, the blue flower of the hare-bell changed 
into bright red during a thunder-storm, — a result 
attributable only to the formation of nitric acid. 

38. In large cities, the air is also contaminated 
more or less by the various gases evolved in the 
different processes of decay and putrefaction, and 
by the chemical operations carried on in such 
places. Their name is legion. Of these, the most 
injurious to health, as well as the most offensive 
to smell, is sulphuretted hydrogen gas, a 
compound of sulphur and hydrogen. It escapes 
frequently from drains and sewers, and is a con- 
stant accompaniment of the gas manufacture. Its 
smell is similar to that of putrid eggs, and it com- 
municates its offensive taste and odor to many 
natural springs. So fatal is this gas to animal life, 
that its presence in air to the amount of only ^ of 
its bulk, is destructive of the life of a small bird ; 
and a horse dies in an atmosphere containing ^ of 
its volume. 
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39. IGnute qaantities of saeh gases are the 
cause pf contagious diseases; and although in a 
work like ** Household Chemistry,^ it would be out 
of place to investigate their character, they are well 
descrying of notice, as upon their presence in the 
air depends much of the physical misery of man- 
kind. 

40. But setting aside such trifling differences as 
are occasioned by the presence of yarious impuri- 
ties, how is T$ that, as regards its chief constituents, 
the air maintains its composition so constantly? 
All experimentalists agree in this, that specimens 
of air brought from districts the most remote — ^from 
London and from New York, from Mont Blanc and 
from Chimborazo— preserve an absolute identity of 
composition. The principal difference is in the 
quantity of watery yapor ; this, however, it would 
be natural to expect. But when we consider that 
the atmosphere is a mere mixture of gases, that no 
affinity whatever exists between its various consti- 
tuents, that all bodies which possess attraction or 
affinity for oxygen combine as easily with it as if 
nitrogen were not present, that every passing rain 
removes those gases which are the most soluble; 
further, when we remember the still more remark- 
able fact, that all the gases contained in the air are 
of different specific gravities, that there is as great 
a difference between the weights of nitrogen and 
carbonic acid, as of oil and water, we are lost in 
amazement at the Power which can control such 
apparent contradictions. 

41. Now these difficulties may be explained upon 
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the principle of what is called the law of diffa^- 
sion of gases. This law (known as Graham's law) 
is found to he entirely independent either of specific 
gravity or affinity, and may he thus hriefiy stated : 
the particles of one gas, though highly repulsive to 
each other, do not repel those of a different kind ; 
hence one gas acts as a vacuum with respect to an- 
other. 

42. Were it not for this law, the carbonic acid 
evolved in such vast quantities in oifr large towns, 
would, from its own intrinsic weight, collect, and 
speedily destroy their inhabitants. The foul ai|d 
noxious gases which constantly arise from the nu- 
merous operations of a large city, would spread 
disease and pestilence around it. Were it not for 
this law, the perfume of flowers, and the sweet 
scent of newly-mown hay, would not arise to fill 
our hearts with a sense of gladness ; but would fall 
from their own weights on the senseless earth. 
Were it not for this law, the oxygen would sepa- 
rate from the nitrogen, and a universal conflagra- 
tion, which no water could subdue, would arise on 
the ignition of the first fi^. In fact, but for this 
law, there could be no life. Vegetation must lan- 
guish and die, for want of a supply of carbonic acid, 
which, by this provision, is wonderfully and com- 
pletely diflused throughout all the particles of air. 
The watery vapor, of no less importance, would not, 
as now, keep flexible the skin of animals, and 
supply parched vegetation with rain and dew. In 
the process of respiration, the minute cells of the 
lungs, in which the aeration of the blood takes 
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places would not, ts now, be emptied at each ex* 
halation of tiie heavj earbonic acid which they 
contain ; bat the process would, after a few minates, 
be suspended, and death must inevitably ensue. 

It is, indeed, a most necessary and beneficent 
kw, and is well calculated to fill our minds with 
awe at the power, and gratitude for the goodness 
of that Grod, who, in the language of the patriarch, 
'^bindeth up the waters in His thick clouds, and 
the clouds arennot rent under them.** 

To sum up in the words of an eloquent writer in 
a recent number of the ** Quarterly :** — *' The atmos- 
phere rises above us with its cathedral dome, arching 
toward the heayen, of which it is the most familiar 
synonyme and symbol. It floats around us like that 
grand object which the Apostle John saw in his 
vision — ' a sea of glass like unto crystal.' So 
massive is it, that when it begins to stir, it tosses 
about great ships like playthings, and sweeps cities 
and forests like snow-flakes to destruction before it. 
And yet it is so mobile that we have lived years in 
it, before we can be persuaded it exists at all ; and 
the great bulk of mankind never realise the truth, 
that they are bathed in an ocean of air. Its weight 
is so enormous that iron shivers before it like glass, 
yet a soap-bell sails through it with impunity, and 
the tiniest insect waves it with its wings. It minis- 
ters lavishly to all the senses. We touch it not, 
but it touches us ; its warm south wind brings back 
color to the pale face of the invalid ; its cool west 
winds refresh the fevered brow, and make the blood 
mantle in our cheeks ; even its north blasts brace 
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into new vigor the hardened children of our rugged 
clime. The eye is indebted to it for all the mag- 
nificence of sunrise, the full brightness of mid-daj, 
the chastened radiance of the gloaming, and the 
clouds that ci*adle near the setting sun. But for it, 
the rainbow would want its triumphal arch, and the 
winds would not send their fleecj messengers on 
errands round the heavens; the cold ether would 
not shed its snow feathers on the earth, nor would 
drops of dew gather on the flowers.* The kindly 
rain would never fall, hail-storm nor fog diversify 
the face of the sky. Our naked globe would turn 
its tanned, unshadowed forehead to the sun, and 
one dreary monotonous blaze of light and heat, 
dazzle and burn up all things. 

**Were there no atmosphere, the evening sun 
would in a moment set, and, without warning, 
plunge the earth in darkness. But the air keeps in 
her hand a sheaf of his rays, and lets them slip but 
slowly through her Angers ; so that the shadows of 
evening gather by degrees, and the flowers have 
time to bow their heads : and each creature space 
to find a place of rest, and nestle to repose. In the 
morning, the garish sun would at one bound burst 
from the bosom of night, and blaze above the hori- 
zon ; but the air watches for his coming, and sends 
at first but one little ray to announce his approach, 
and then another, and, by and by, a handful ; and 
so gently draws aside the curtain of night, and 
slowly lets the light fall on the face of the sleeping 
earth, till our eyelids open, and, like man, she goeth 
forth again to her labor until the evening." 
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QUESTIONS ON CUAFTER L 

1. What use is there in a knowledge of the atmosphere ? 
With what exceptions are the Tarions products of the animal 
tnd vegetable kingdom contained in the air? In what form 
sre the J contained ? 

2. What is the origin of the word atmosphere ? Why is 
it so called ? Has the air a limit ? By what force is the 
air confined to the earth ? What is the meaning of grari- 
tation ? Give some instances of its power. Is the air equally 
dense throughoat? In what proportion does its density 
diminish? Within how many miles of the earth is the 
greatest proportion of the air ? How many miles does air 
extend to ? 

3. Is the air a material substance ? By what simple in- 
strument can you prove that the air exerts pressure ? Of 
what height must the tube be ? 

4. What is the name of the instrument which shows the 
pressure of the air ? What Greek words give it a name ? 
How much heavier than water is quicksilver ? State some- 
thing about the pressure of the air in other words. 

5. How much pressure does the air exert upon every 
square inch of surface ? How many square inches of surface 
are comprised in the body of a man ? How many tons weight 
does he carry about him? Why is he not crushed ? 

6. What is the name of the air-free space in the barometer- 
tube? 

7. Are there any modifications of the barometer ? 

8. Of what use is it as a weather-glass ? 

9. What is the weight of 100 cubic inches of air ? 

10. How is temperature ascertained? What is the name 
of the instrument derived from ? What kind of impression 
does the thermometer convey ? In what does a thermometer 
consist ? How many thermometers are there in common use ? 
In which countries are they used ? How can you compare 
their degrees ? 

11. Where is the temperature of the air greatest? Why ? 
Why is the air colder, the higher we ascend? By how many 
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degrees does the temperature decrease ? In how many feet? 
Is the region of eternal snow ever reached in warm climates ? 

12. What is the ordinary temperature of the air? What 
scale is employed in this work ? 

13. Has the air taste or smell? Has it usually color? 
When has it? To what is the blue color owing ? Why does 
the color deepen as we rise in the air? Why is the color 
less near the earth ? 

14. Is the atmosphere a compound or a mixture? What is 
the name of the most important chemical constituent of air ?' 
From what Greek words is the name derived? To what 
extent is it contained in air? Prove its abundant diffusion 
throughout nature. What functions is oxygen necessary to?' 
Hence what other names? Their derivation? State the 
physical (from ^veric, phusis, nature) properties of oxygen.. 

15. What is an element ? Why is oxygen an element ? 

16. When bodies combine with oxygen, what are they said 
to do ? How many classes of oxides are there ? What dis- 
tinguishes them from one another ? 

17. Can oxygen exist in any other form ? How? What 
is the name given to modified oxygen? Why? Who dis- 
covered it ? What is its use ? How is it formed ? Is there 
much of it in the air? Has it any probable connection be- 
tween health and disease ? 

18. What other gas is present in very large quantities 
besides oxygen ? How much? Whence its name ? In what 
respects does it resemble oxygen ? How does it differ ? Is 
there any use for it in food ? What are the objects of its 
presence in air ? 

19. What other important gas is contained in air? How 
much of it ? When do we find most ? When least ? What 
are its sources ? When is carbonic acid produced ? 

20. Of what is carbonic acid a combination ? What is the 
chemical name of pure carbon? What are its properties? 
What is its specific gravity as compared with water? Name 
gome other forms of carbon ? What composes black lead ? 

21. Give from memory some notion of the amount of car- 
bonic acid contributed to the air by London alone. 

22. What are the properties of carbonic acid ? What color 
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does it give to bltie litmas-p«per? What is litmiifl-pnper ? 
What mre comlniuitions of cmrbonic acid called ? Is carbonic 
acid a poison? How mucli of it does water absorb ? Whnt 
do we nsaany understand by eilbnrescence? What is the 
specific graTity of carbonic acid ? Is it liable to accumulate 
in boles where it is formed in the processes of decay ? What 
gas is giren off in rooms in respiration ? 

2a. Whence do plants obtain their carbon ? Can it be 
produced by plants ? What does a seed consist of? What 
three conditions are necessary to vegetation ? 

24. What changes does the air nnderp;o in the germination 
of seeds ? How can seeds sprout in water ? What gas is 
fiivorable to germination? How may carbonic acid be re- 
moyed from the seed ? 

25. What element abounds in dried plants ? Are plants 
able to decompose carbonic acid ? What use do they make 
of it? 

26. Why, then, does not carbonic acid unduly increase, and 
oxygen diminish ? 

27. In what form is water found in air? Of what use i-i 
it? Explain the fidl of rain. When is mist formed ? Under 
what circumstances is hail formed ? 

28. What do you know of fogs ? Why are London fogs 
so disagreeable ? 

29. Why is not water always visibly present in air ? Can 
you prove that it is ever present ? IIuw can you explain the 
phenomenon of dew ? 

30. Is dew of importance in warm climates? Does it fall 
equally npon all bodies? Why docs no dew fall on cloudy 
nights ? 

31. Why does nocturnal radiation injure plants in spring 
and autumn ? How do gardeners prevent it ? What plan 
do the natives of Peru adopt ? 

32. Is water an element ? Who first proved the compound 
character of water ? 

38. What is hydrogen obtained from ? Whence its name ? 
What are its properties? Does it exist in nature in a free state? 

34. Can hydrogen be inhaled in a pure state? Is it poi- 
sonous ? Then why is it injurious ? 

D 
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35. What is detonating gas ? How is it made ? Why is 
it so called ? 

36. Is ammonia a constituent of air? In what form? 
Whence its name? What are its chief properties? Is it 
soluble in water? To what extent ? Why do we not smell 
the ammonia of air ? What are the sources of it ? How much 
of it is there in air ? What is the use of it ? Are salts of 
ammonia ever found in plants ? Can they be taken up by 
the roots of plants ? Why is guano so valuable a manure ? 

37. What accidental impurities does air contain ? In sea- 
air what do we always find ? What acid is formed in thun- 
der-showers ? 

38. What gas, most injurious to health, is given off from 
drains and sewers ? Name any other sources from whence 
it proceeds ? Can you give any proofs of its fatal character 
as regards animal life ? 

39. To what causes may we attribute the rise and spread 
of contagious diseases ? 

40. How is it that the air does, on the whole, so evenly 
maintain its composition ? 

41. What do we understand by the law of diffusion of 
gases? 

42. What are the effects of this law ? 



CHAPTER II. 

THE CHKHISTBY OF COMBUSTIOX, AND OP THK 
ARTIPICIAL SOURCES OF LIGHT AND HEAT. 



43. Thb fact, that the oxygen of the air phiys 
the part of supporter of combustion, has been abeady 
alluded to. Combustion is always accompanied by 
the phenomenon of heat, and frequently by that of 
light : indeed, the two tend to produce, and are 
probably convertible into, each other. It is a 
popular error to suppose that the rays of the moon 
form an exception to this rule; it will cease to be 
matter of wonder, that our best instruments do not 
indicate any heat in them, when we reflect that a 
single ray of the moonbeam possesses only the 
|-3(X),000th part of the light of a solar ray of the 
same size. 

44. In all ordinary cases of combustion, air is 
present, and all the phenomena of combustion may 
be explained by the sudden chemical action which 
ensues at high temperatures between the burning 
body and the oxygen of the air. Not that any 
temperature can be fixed at which bodies burn or 
inflame in air ; on the contrary, some take fire the 
moment they are exposed to it; others at a tern- 
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perature a very little above that of summer-heat ; 
some only at a very high temperature ; others again 
refuse to burn under any condition. The products 
of combustion, the result of the union between the 
oxygen and the burning body, are usually gaseous, 
and hence they escape the notice of the ordinary 
observer. Before, however, we can with any 
profit, consider these products, we must well un- 
derstand the nature of those substances which are 
more or less employed as sources of light and 
heat. 

45. Attention has already been drawn, in some 
degree, to that fundamental constituent of most 
sources of flame, carbon. It is of universal occur- 
rence in the animal apd vegetable, and is found 
largely in the mineral kingdom. Carbon forms also 
the chief constituent of coal. When combined che- 
mically with oxygen, as carbonic acid, it is met 
with, in a free state, in the air, and in water ; and 
further, in combination with lime, as carbonate of 
lime, in limestone and marble ; and in not a few 
minerals besides. A lump of carbon or charcoal 
undergoes no change on exposure to air, or when 
buried in the ground; its affinity for oxygen is, 
therefore, not exhibited at ordinary temperatures. 
But when heated to redness, combustion takes place, 
the charcoal burns and disappears, with the excep- 
tion only of a small quantity of ash.* The heat 
<Ieveloped is the result of its union with the oxygen 

* Ash is the incombustible matter of charcoal, of coal, and 
of plants generally. The combustible matter of coal is called 
ofj^anic; the aih is called its inorganic constituent. 
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of the air. The gas generated from the lump of 
charcoal, or, in other worda, the gas into which the 
charcoal is converted, is this very carbonic acid. 

46. Carbonic add, then, is a chemical combina- 
tion of carbon with oxygen. By whatsoever method 
prepared, it has always the same composition, for 
it is a law of nature that chemical combinations 
always take place according to certain fixed pro- 
portions, by measure and by weight. This law is 
the very basis of chemistry, without which the 
science could have no existence. The relative 
quantities, too, in which bodies unite, may be ex- 
pressed by proportional numbers. Thus : 16 parts 
of oxygen unite with 6 of carbon, to form 22 parts 
of carbonic add. 

47. Not that carbonic acid is always the result uf 
the union of carbon with oxygen. When coal burns 
iat a temperature below redness, or when carbonic 
acid passes over hot coal, the carbon unites with less 
oxygen in the first case, and with more carbon in 
the second. The result is, the formation of a new 
compound, oarbonic oxide. It is a colorless gas, 
of a faint, peculiar odor, and even more poisonous 
than carbonic acid. It is inflammable; the blue 
flame often to be observed in coal fires, arises from 
the burning carbonic oxide, which unites with more 
oxygen, and becomes changed into carbonic acid. 

48. So far we have considered two combinations 
of carbon with oxygen. Employing the language 
of diemists, in expressing the elements by the first 
letter of their Latin names, carbon may be repre- 
sented by the capital letter C,— oxygen by an O. 
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49. 6 parts of carbon unite with 8 parts of 
oxygen, to form carbonic oxide: but 6 parts of 
carbon require 16 parts of oxygen to form carbonic 
acid. The eombining proportions of these two com- 
pounds are as follow : — 



Carbonic oxide y^ "* « = 14 

Carbonic acid ?-/\2'"io = 22 

J O^ ...16 

60. The equivalent (so called, because the com- 
])ining proportion of one body is, as it were, equiv- 
alent to that of another body, and may be substi- 
tuted for it in combination,) of carbonic oxide is, 
therefore, expressed by the figure 14 ; that of car- 
bonic acid by 22. 

51. Of the exact nature of the ultimate forms of 
matter, we can only form an opinion ; but most 
successful attempts have been made to explain the 
reason of the very remarkable manner in which 
combination occurs, in the production of chemical 
compounds. It is believed that matter is composed 
of certain ultimate particles, or molecules (diminu- 
tive from moles, a mass), which, by their nature, 
are indivisible, and are hence called atoms, from 
^TOfjioCf (atomos) that which cannot be cut. Ac- 
cording to the ATOMIC THEORY, cvcry compound is 
formed of the atoms of its constituents. Thus, to 
refer to the case just considered, one atom of 
carbon unites with one atom of oxygen to produce 
carbonic oxide, and with two of oxygen to form 
carbonic acid. We may represent such combina* 
tions in the following manner : — 
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Carbonic oxide. Carbonic acid. 

CO OCO 

8 parts bj weight of oxygen unite with 6 parts bj 
weight of carbon, to form carbonic oxide : 16 parts 
of oxjgen united with 6 parts of carbon, always 
form carbonic acid. The atomic theory supposes 
tbe ultimate forms of matter, that is to say, each 
atom of different elements, to possess different 
weights. The weight of an atom of carbon is, 
therefore, less than that of an atom of oxygen. The 
term equivalent is applied to the number 6 (which 
represents an atom of carbon), because it represents 
the quantity capable of exactly replacing another in 
combination : for the same reason, the numbers 6 
and 8 respectively represent tbe combining quan- 
tities or proportions of carbon and oxygen. " 

52. One hundred parts of the two compounds 
of carbon with oxygen consist of : — 

Carbonic oxide |o "]', 5714 "^^^*^ 
Carbonic acid |q - ^273 =10000 

53. And not only are the elements expressed in 
symbolic language, but also the proportions in which 
they are united in chemical compounds. Thus, to 
express the two compounds of carbon with oxygen 
by a symbol, we write : — 

Carbonic acid = CO' 
Carbonic oxide = CO 

which at once indicates the character of tbe combi- 
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nation. It shows, that whilst both contain the 
same amount of carbon, carbonic acid contains 
twice as much oxygen. 

54, But to continue our subject. Next in im- 
portance to carbon, as a source of heat, is hydro- 
gen. Its symbol is H. In point of specific gravity, 
it is the lightest form of matter we are acquainted 
with, an equal volume of common air being four- 
teen and a half, and of oxygen sixteen, times its 
weight. Its density, as compared with air, is 0*069 1 ; 
hence 100 cubic inches will weigh 2*14 grains. 
Although it is not a supporter of combustion, and 
is, in the absence of air, an extinguisher of flame, 
yet, when inflamed in presence of air, it burns with 
a pale blueish hue, and emits very great heat. The 
product of the union of hydrogen with oxygen, is 
pure WATER, — a compound of 8 parts of oxygen 
and 1 of hydrogen, or of an equivalent of each 
element. 

55. Exact experiments have shown that two 
measures of hydrogen unite with one of oxygen. 
In forming water, the three measures or volumes 
condense into two. An admixture of these two 
gases in the proportions to form water, when in- 
flamed, is productive of the greatest known amount 
of heat. This oxy -hydrogen flame, as it is called, 
is capable of fusing the most intractable metals, 
platinum being softened and melted by it as easily 
as gold in a furnace. 

66. The yiame of such a light is weak; indeed it 
is believed that pure gaseous matter is not capable 
of giving out light. Certain it is, that the heat of 
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a flame is independent of its light, for it is well 

known that common air may be heated to such an 

extent, that it will inflame 

pieces of wood, and yet 

itself remain invisible. A 

good instance of this is 

afforded by the fact, that 

the air which issues from 

the chimney-glass of an 

argand gas-burner, will 

make a thin piece of wire / .'^ 

red-hot, even when held 

several inches above the 

flame. 

57. To carbon and hy- 
drogen, as sources of light 
and heat, must be added 
OXYGEN, the S3rmbol of Fig. 8. 

which is O. It may be produced artificially from 
a variety of sources ; but the principal feature of 
this gas, is the extraordinary brilliancy with which 
bodies bum in it. Bodies which burn in air, burn 
with greatly increased splendour in oxygen. Thus, 
if a taper be blown out, and then in- 
troduced into a jar of the gas, (fig. 9) 
while the wick remains red-hot, it is 
instantly rekindled : a slip of wood, or 
a match, treated in the same manner, 
is relighted. When a piece of char- 
coal, (affixed to a wire) is plunged 
with a single point red-hot into a ^^9-9. 
jar of oxygen, it burns with great brilliancy. 
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throwing off beautiful scintillations, until, if the 
oxygen be in excess, it is completely consumed* 
Coiled watch-spring, or a piece of 
spring-wire, heated to redness, and 
immersed in oxygen, (fig. 10) exhibits 
a most beautiful appearance of com- 
bustion. Phosphorus, when inflamed 
in air, where the oxygen is mixed 
with four times its volume of nitro- 
gen, bums with a very bright light; 
but it is no more to be compared 
with the brilliancy of phosphorus Fig. lo. 
burning in oxygen, than is the light of the sun to 
that of the moon. In these, and in other cases 
which might be mentioned, the same ultimate effect 
is produced, as in atmospheric air: oxygen being, in 
fact, the sustaining principle of combitstion. 

58. All the elements are capable of oxydation, 
and most of them at a temperature more or less high, 
with the evolution of heat and light. 

59. A substance incapable of further entrance 
into combination with oxygen, such as water and 
carbonic acid, is called incombustible or uniitflam" 
mable, 

60. Whenever a body unites with oxygen, it in- 
creases in weight by as much as it has absorbed of 
the gas. 

61. The term destruction of bodies by combus- 
tion, is therefore incorrect, inasmuch as matter is 
indestructible; in fact, when we seem to destroy a 
candle, or a lump of coal, by burning them, we only 
compel them to enter into new forms of combina- 
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don, which being gaseouSy are either immediatelj 
dissipated in air, or may be detected escaping up 
the chimnej. When the product of combustion 
happens to be a toHd body, as in the case of inflamed 
phosphorus and zinc, we may more readily believe 
the evidence of our senses, as we can handle and 
weigh the phosphoric acid and oxide of zinc thus 
produced. 

62, Of the many numerous services which Che- 
mistry has rendered to household economy, there is 
certainly none^ which possesses more general impor- 
tance and interest, and none that has been more 
fully developed, than that of lighting by means of 
gas obtained by the destructive distillation* of coal. 
Although its application as a means of procuring 
artificial light is of modem invention, yet the germ 
of it may be traced back nearly two hundred years. 
Dr. Robert Clayton, Bishop of Cork and Ossory, 
first distilled coals in a retort and obtained gas. He 
says : *' I kept this spirit (gas) in the bladders ; and, 
when I had a mind to divert strangers or friends, 
I have frequently taken one of these bladders, and 
I)ricked a hole therein with a pin, and compressing 
gently the bladder near the flame of a candle till it 
once took fire, it would then continue flaming till 
all the spirit was compressed out of the bladder ; 
which was the more surprising, because no one 
could discern any diflerence in appearance between 
these bladders and those which are fllled with com- 
mon air." But the first application of coal-gas to 

* A process by which organic substances are strongly 
heated in vessels, from which air is excluded. 
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illumination was made in 1792, by Mr. Murdoch. 
Novel as was this mode of lighting his own dwell- 
ing, it did not attract public attention until the year 
1802, when the front of the Soho manufactory of 
Messrs. Bolton and Watt was lighted by him with 
a public display of gas-lights, on occasion of the 
national illumination in the spring of that year, at 
the peace of Amiens. In 1810, the National Light 
and Heat Company obtained an act for the purpose 
of illuminating London streets, and before 1825 
every oil-lamp in the public streets was displaced 
by gas. 

63. In Coal, we see the remains of a vegetation 
which covered the earth before it was inhabited by 
man. A large portion of the purest kind has been 
formed by plants which grew on the spot, and some- 
what in the manner of peat on the spaces now 
covered by the beds of coal. The former existence 
of land in some of these spaces has been proved by 
the occurrence of numerous upright fossil trees, 
with their roots terminating downwards in seams of 
coal. Our coal-mines furnish almost a complete 
fossil flora; a history of many of the now lost 
species which once decorated the surface of the 
earth. There is a great resemblance between the 
plants of the coal-formation and the flora of New 
Zealand. The botany of those islands is charac- 
terized by abundance of ferns, one hundred and 
forty species of which are already known, some of 
them attaining the size of trees. Another point of 
resemblance is the prevalence of the fir tribe. 

64. Deposited at the bottom of seas, lakes, or 
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riverSy and subfieqoentlj covered up bj accumula- 
tions of day and sand (since hardened into slate 
and gritstone) the y^etable matter has undergone 
decomposition. The pressure of those deep strata 
of slate and gritstone has not only prevented the 
evolution of gas, thus giving to the coal the pro- 
perty of burning with flame, but has obliterated 
most traces of vegetable structure, and given the 
pit-coal the dose and compact quality of stone. 

65. The difference in the appearance of the 
several varieties of coal is not greater than the dif- 
ference in their composition. The principal con- 
stituents of coal are carbon, htdhooen, oxtoen, 
and niTROGEN. Of these, carbon, hydrogen, and 
oxygen, may be considered as the elements of pure 
coal ; but common coal always contains a quantity 
of earthy impurities. The different kinds of coal 
comport themselves in the fire as ordinary organic* 
substances, in which the combustible elements, car- 
bon and hydrogen, are condensed into a small 
volume. For gas-illumination the value of the coal 
is proportional to the quantity of volatile matters 
which it disengages at a red heat. Thus, Mr. 
Mushet found in — 

VOLATILE MATTEB. COKE. 

Carbon. Ash. 

Derbyshire coal . 47000 48362 4-638 
Scotch cannel coal . 66*570 89*430 4000 
Welsh furnace coal 8*600 88068 3*432 

• Organic substances are deriyed mainly from the vegetablo 
and animal kingdom, and are the products of ntality. They 
are nsoally compounds of carbon, hydrogen, oxygen, and 
nitrogen, and combustible in air and in oxygen. 
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66. The composition of pure splint and cannel 
coaly according to Richardson and Regnault, is re- 
presented by the formula C^ H^^ O ; which gives, 
when explained in proportions per cent. :-^ 

Carbon 87*27 

Hydrogen 7'88 

Oxygen 4*85 



10000 



67. Nitrogen does not seem to be an element of 
pure coal ; but as all kinds of coal give, on distilla- 
tion, a larger or smaller proportion of products con- 
taining AMMONIA, we must suppose its existence to 
be constant. We do not know in what form the 
nitrogen exists; though given off in combination 
with hydrogen, as ammonia, when coals are burnt, it 
certainly does not pre-exist in the latter form. 

68. The ash of most kinds of coal consists chiefly 
of such incombustible substances as sand, clay, 
gypsunny chalk, and iron. Unfortunately for some 
applications of coal, especially that of making gas, 
few varieties are free from iron-pyrites. This 
mineral is generally visible to the naked eye, pre- 
senting frequently a gold-like appearance. It con- 
tains sulphur, or brimstone. The presence of that 
most nauseous gas, sulphuretted hydrogen, in un- 
purified coal-gas, is derived entirely from the iron 
pyrites. 

69. The production of coal-gas, or street-gas, is 
a trade of great magnitude and importance. The 
coal is placed in oblong cylinders of cast-iron, 
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which are raided in furnaces, to keep them at a 
red-heat, and all the volatile products are conveyed 
bj a tube in connection with all the cylinders into 
a condensing vessel, kept cold by immersion in 
water; here all the condensible vapors, such as 
water^ tar^ ammonia^ and other impurities, are re- 
tained. The coal-gas, still more or less impure, 
from the presence of carbonic acid and sulphureUed 
hydrogen^ is now passed through a mass of slaked 
lime moistened with water, in vessels called puri- 
fiers. The lime frees the gas of its impurities, with 
which it combines chemically, but it has no affinity 
for the gas itself. The latter is sometimes still 
further purified by passing through diluted sul- 
phuric acid, or a solution of sulphate of iron, 
which removes the merest traces of ammoniacal 
gas and sulphuretted hydrogen; it is then trans- 
mitted for use into gasometers, whence issue the 
pipes for the supply of streets, shops^ and private 
houses. 

70. The largest quantity of gas obtainable is 
from the Scotch cannel coal, a ton of which affords 
nearly 12,000 cubic feet. The various kinds of 
coal employed throughout the kingdom yield, on 
an average, 8,000 cubic feet 

71. The substances to which the illuminating 
power of coal-gas is due, are mixtures of distinct 
chemical compounds of hydrogen and carbon. They 
are called hydro-carbons. 

72. The chief constituent of coal-gas, as regards 
quantity, is light cabbonetted'*' htdbogen. It 

* Or oarburetted. 
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consists in 100 parts by weight, of 75 of carbon and 
25 of hydrogen ; proportions which correspond to 
one atom or equivalent of carbon and two of hydro- 
jcren. Its symbol is, therefore, CH^ It is a color- 
less, tasteless, and nearly inodorous gas. If a 
burning taper is introduced into a jar of this gas^ 
it is extinguished ; but the gas itself burns with a 
pale yellow flame^ when kindled in the air. The 
mixture of air or oxygen with this gas, explodes 
violently by contact with flame. For complete 
combustion it requires twice its bulk of oxygen, 
and yields water and its own volume of carbonic 
acid. 

73. Light carbonetted hydrogen is the main con- 
stituent of TFiU'o'-the- Wisp. The latter is probably 
kindled by the presence, in minute quantities, of" 
spontaneously inflammable phosphuretted hydrogen 
— a gas the product of the putrefaction of certain 
parts of vegetables and animals. 

74. When the mud at the bottom of pools, in 
which plants grow, is stirred, bubbles of gas escape, 
which, on being collected and examined, prove to- 
consist chiefly of light carbonetted hydrogen; on 
which account it is also called Marsh-gas. 

75. Although, as regards quantity, light carbon- 
etted hydrogen forms the bulk of street gas, yet 

must OLEFIANT GAS, Or HEAVY CARBONETTED HY- 
DROGEN, be considered its most important con- 
stituent. It obtained its one name from its property 
of forming an oil-like compound with chlorine ; its 
other, on account of its weight, as compared with 
light carbonetted hydrogen. The specific gravity - 
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of the two gases, compared with air, is as fol- 
lows ; — 

Air 1000- 

Olefiant gas 986* 

Light carbonetted hydrogen 659* 

It is a colorless and tasteless gas, of ether-like 
odor. It consists, bj weight, of 86*71 of carbon, 
and 1 4*29 of hydrogen ; otherwise, of two volumes 
of carbon vapor and two volumes of hydrogen ron- 
densed into one volume. The peculiar luminosity of 
its flame is accounted for by its extraordinary con- 
densation. Its symbol is C H'. In contact with 
air it bums with a remarkably white flame, pro- 
ducing water and carbonic acid, from the combustion 
of its hydrogen and carbon. 

76. Besides these two hydro-carbons, there are 
others present in minute quantities, which com- 
municate to coal-gas its peculiar odor. Carbonic 
oxide, hydrogen, and nitrogen, are also present ; 
sometimes to a very considerable extent. One 
hundred volumes of very good coal-gas contain as 
much as thirteen volumes of olefiant, and eighty- 
two volumes of light carbonetted hydrogen gas. 

77. The whiteness of the flame of coal-gas is then 
due to olefiant gas ; accordingly as this increases 
or decreases, is the beauty or pallor of the flame. 
What is it, it may be asked, which renders olefiant 
gas so valuable as a source of light ? 

78. It has been already mentioned that pure 
gaseous matter is incapable of giving out light. No 
flame possesses so little light as that of oxy-hydro- 

£ 
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gen, none such intense heat. But the luminosity 
of flame does not depend so much on its temperature, 
as on the presence of solid matter diffused through 
the flame and ignited by it. 

79. It is true this cannot always be seen, but it 
is nevertheless present. Let us examine into the 
case before us. When coal-gas burns, no solid 
matter can be seen in its flame ; but if you depress 
a white saucer into the flame, you find it imme- 
diately covered with solid carbon, or soot, and the 
light impaired. This carbon in a state of white 

HEAT IS THE CAUSE OF THE LUMINOSITY OF ALL 

ORDINARY FLAMES. In an Ordinary gas-flame, the 
gas is in free contact with the air only near the 
bottom, and on the very outside of the flame. Per- 
fect combustion, therefore, only takes place at those 
parts. In the interior or brilliant part of the 
flame, the air supplied is insufficient, and the heat 
so great, as to separate the coal-gas into its consti- 
tuents, hydrogen and carbon. The hydrogen bums 
(forming water), while the carbon is deposited in a 
state of white heat, and is only converted into car- 
bonic acid on the exterior of the flame. That 
flame requires a high temperature for its existence, 
is proved by the fact that any cold substance de- 
pressed upon it removes a portion of its carbon. 
The great condition that must be complied with in 
order to obtain a bright light from gas, is to take 
care that it has a constant supply of fresh air. This 
is accomplished by two methods. By the first, the 
gas is made to stream out in thin apertures, sur- 
rounded both internally and externally by air, as 
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we see in the common Argand burner, (fig. 11); 
bj the second (see fig. 8, 
p. 41), not only is the gas 
protected externallj by the 
chimnej-glaas from any sud- 
den gusts of cold air, but the 
brightness of the flame is 
greatly increased by a con- 
tinued stream of air, which 
rashes in r^ularly from be- 
low the glass, exactly in Fig. ii. 
the same proportion as the heated air streams out 
from above. In proportion as the draught is in- 
creased, will the flame be brighter. Its hydrogen 
and carbon must be burnt completely: when the 
combustion of carbon is incomplete, not only does 
the flame smoke, but much light is lost. 

80. The increase of light is, of course, far greater 
in the case of an Argand burner, if, in the place of 
air, oxygen is passed up the internal opening. The 
Bude Light of Mr. Gumey was originally so con- 
structed. But the light now known as such, is 
nothing more than an ordinary gas-flame, from 
three, or more, large concentric Argand burners, 
with chimneys and reflecting apparatus. 

81. To obtain a full amount of light from any 
burner, the flame should always be made as large as 
possible without smoking. 

82. Of the economy of gas, as compared with 
all other sources of light, no doubt exists. But 
wherever it is naed, more than ordinary attention 
should be paid to ventilation. When we considei . 
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that one part by weight of coal-gas produces two 
and a half by weight of poisonous carbonic acid, the 
importance of this observation will be readily ad- 
mitted. Head-aches are the least penalty paid for 
the neglect of this precaution. 

83. It may tend to give some idea of the extent 
to which gas is manufactured, to notice, that London 
alone consumes 3,000,000,000 cubic feet, equal to 
from 50,000 to 60,000 tons weight. 

84. Whilst yet on the subject of coal-gas, another 
property of flame must be mentioned. The inflam- 
mable gas which escapes from fissures in coals, the 
so-called fire-damp of miners, has almost the same 
composition as coal-gas. When it accumulates so 
as to form l-7th of the atmosphere in a coal-mine, 
the approach of flame instantly causes a tremendous 
explosion, and the poor miner is either burned to 
death, or choked by the carbonic acid (choke- 
damp) formed in its combustion. To remedy this. 
Sir H. Davy undertook many experiments, which 
at last led to the construction of that most ingenious 
instrument, the miner's safety-lamp. Its efficacy 
depends upon the fact, that flame, requiring a high 
temperature for its existence, is extinguished, at a 
temperature below red- 
ness. To illustrate this, 
take a piece of wire-gauze, 
(of such fineness as to 
have about 800 apertures 
to the square inch), and 
depress it quickly upon 
the burning gas-jet ; you j,^ ^2 
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wiU find that the flame will be cat off (fi^. 12) just 
where it touches the gauze. The infiammable matter 
of the flame (much of the undecomposed gas, together 
with a good deal of soot) passes through the gauze. 
In its passage it is so far cooled as to be extinguished; 
the flame^ therefore, is prevented from passing, 
although the gas is not If you bring a piece of 
lighted paper above the flame, to the upper side of 
the ganze, the gas will be rekindled, and burn as 
before. Again, bj varying the experiment, and 
turning on an unlighted jet of gas underneath the 
gauze, you may kindle the flame above, and it will 
not pass through. The cooling property of the 
wire-gauze is owing to its great power 
of conducting heat. Sir H. Davy, who 
is the author of these and many other 
experiments on flame, placed a lighted 
lamp within a perfect cylinder of wire- 
gauze, (fig. 13) and found that although 
inflammable gases would pass through 
and could be enkindled, yet the flame 
would not be communicated to the air 
without; hence its vftlue in mines, where 
combustible gases are of frequent occur- ^ie- ^3- 
rence. The safety of these lamps depends of course 
entirely upon the perfect state of the wire-gauze, 
and upon other circumstances too numerous to 
mention. For, after all, real safety is only then 
guaranteed to the poor miner, when his place of 
work is completely ventilated. 

85. Combustible as most kinds of coal are, they 
must be heated to a certain extent before they will 
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inflame. This is accomplished by the use of the 
more readily combustible paper and wood. They 
are laid in the grate, and the coal is heaped upon 
them in such a manner, that the air may have free 
access. When the coal is heated below redness, its 
hydrogen imites partly with its own oxygen, partly 
with that of the air, and escapes up the chimney in 
the form of steam. The heat at first is usually 
insufficient, and therefore a quantity of the carbon 
of the coal is separated from the hydrogen, which 
ascends up the chimney as smoke. At length, after 
the heat has been somewhat increased, the olefiant 
and other gases burst out into a fiame, which con- 
tinues as long as the supply of the hydrogen lasts. 
As long as any carbon is left, the coals retain their 
glow, and continue to burn, though no longer with 
flame, until nothing remains in the grate but the 
incombustible ashes. 

86. And now, with reference to the actual com- 
bustion of the fuel ; we know that this is due to its 
union with oxygen. In the combustion of coal, 
carbonic acid, and watery vapor, are mainly formed; 
together with small quantities of sulphurous acid 
and ammonia. Of the properties of carbonic acid, 
of its power of extinguishing flame, and its heavy 
character, notice has been taken. Its weight, indeed, 
would very seriously interfere with the burning of 
the coal, were it not for the important fact that the 
heat evolved by the combustion itself, is the very 
agent by which it is carried off as fast as it is pro- 
duced. When this, or any other gas, is heated, its 
particles expand ; its actual weight remains un- 
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changed, but it occupies a larger space. Thus, when 
a portion of air is heated in the open atmosphere, it 
expands and rises upwards, not because it has, of 
itself, any tendency to rise, but because the heavier 
cold air around is displaced. A flame ascends simply 
because the heat given out by it expands tlie sur- 
rounding air, and makes it lighter than air usually 
is. The heat evolved not only ensures the removal 
of the carbonic acid, but also causes a circulation of 
fresh air through the burning fuel. In a good 
grate, therefore, all these gases are carried off up 
the chimney, upon the draught of which the burn- 
ing of the fire greatly depends. A fire, therefore, 
serves the purposes both of ventilation and heat. 
When the weather is cold, we make a large fire, 
and thus, of course, expand a larger volume of 
ur than usual, in consequence of which a larger 
amount of cold air will rush into the room. The 
ascent of smoke then being dependent upon the 
admission of colder air, the fire will only bum well, 
and the chimney draw, accordingly as we allow it 
to enter. 

87. The waste of fuel, which takes place when 
much of it is allowed to escape in the form of smoke, 
arises mainly from insufficient access of air, and 
might be prevented by judicious management. The 
very common practice of heaping up a fire with 
fresh coal, when it has burnt very low, is clearly 
objectionable, because the chilling of the fire thus 
occasioned, evaporates the fuel in the form of smoke, 
without burning it. A good fire, without waste, ia 
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most readily obtained by the frequent application of 
coal in small quantities. 

88. As to the temperature of a fire, a dull red 
heat, visible in daylight, is probably equal to 1,000°, 
a full red-heat, to 1,200°, an orange-heat to 1,700°, 
and a white-heat to 3,000°. The latter is never 
attainable in a common fireplace. 

89. Lignite or brown coal, which is used as 
fuel in some parts of the world, rarely occurs in 
extensive fields, as does pit-coal. It has usually a 
brown color, burns with a dark smoky fame and a 
very disagreeable odor ; it consists, in fact, of vege- 
table matter but little altered. 

90. Anthracite (from avdpaKoc, anthrakos, 
black) belongs to the same formations as pit-coal. 
It is of a jet-black color, and very lustrous : it con- 
tains sometimes as much as 94 per cent, of carbon, 
infiames with difficulty, but gives much heat in com- 
bustion. 

91. Peat and turf consist chiefiyof the remains 
of plants which have undergone comparatively little 
change. 

92. Wood may be said to contain, on an average, 
nearly equal weights of carbon and the elements of 
water. From this it may be inferred, that wood 
fires will not only burn with much fame and little 
smoke, but will give out intense heat, and consume 
very fast. There is also a very peculiar odor which 
usually accompanies the burning of wood. Among 
the products of the destructive distillation of wood 
(which differ in many respects from those of coal)i 
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are wood-naphiha^ vinegar, and ereasoie, and it may, 
therefore, be expected that the vapors of the burn- 
ing wood will, according to 'the low or high temper- 
ature of the fire, partake more or less of the odor of 
these. 

93. Common charcoal, sometimes used as fuel, 
is usually made of oak, chestnut, elm, beech, or ash- 
wood. Young wood fortunately affords better char- 
coal than the finest timber. The billets are formed 
into a conical pile, which, being covered with earth 
or clay, is sufiered to burn with only a limited access 
of air. The oxygen and the hydrogen of the wood 
combine to form water, and but little of the carbon 
is consumed. Charcoal contains about 2 per cent, 
of certain salts, which, after combustion, remain in 
the form of ash ; but the quantity and quality vary 
according to the nature of the wood. 

94. The chemistry of the candle properly suc- 
ceeds to the foregoing considerations of gas and 
fuel, as sources of light and heat. 

95. The best candles are made of wax, a sub- 
stance collected by bees, in small quantities, from 
the pollen and other parts of fiowers, but produced 
chiefly by those insects from the sugar contained in 
the nectaries of every flower. When fresh from 
the honeycomb, it is of a yellow color, and possessed 
of a peculiar smell : drawn out in thin layers, the 
eflect of sunlight upon wax is to deprive it of both 
smell and color. By the action of hot alcohol, wax 
may be separated into two distinct substances, cerin 
and MTRiCiN. Cerin constitutes the largest portion 
of bees-waXy and has the same composition as 
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nayricin. Both are compounds of carbon, oxygen/ 
and hydrogen, in such proportions as 'the formula 
of cerin will best indicate: C® H®° O. 

96. Spermaceti is found in certain hollows in 
the head of the various species of Delphinus ; but 
more especially in the spermaceti-whale, Physeter 
macrocephalus. During the life of the fish it is 
dissolved in spermaceti oil, but at death it separates 
in hard crystalline masses. Freed entirely from the 
oil, it may be said to consist of cetin, a crystalline 
substance of pearly lustre. It is a fat, of which the 
formula is C«* W O". 

97. Tallow is the fat of oxen and sheep melted 
and freed from its natural impurities. The inferior 
tallows have a yellow tinge ; but when pure they 
are white and tasteless. The best tallow is used 
for candles ; inferior for soap. About 70,000 tons 
are annually imported from Russia and Australia, 
besides the quantity supplied by the home market. 

98. The chief ingredient in tallow is stearin, or 
8TRARATE OF GLYCERIN. Stearin, 80 named from 
areap (stear), tallow, is quite insoluble in water, but 
soluble in hot alcohol and in ether. It is much em- 
ployed, when mixed with one-fourth of its weight of 
wax, in making composite, or stearin candles. When 
properly made, they are white and inodorous, and 
burn with as white a flame as wax, though a little 
more rapidly. 

99. The name stearate of glycerin gives a more 
exact insight into the character of the chief con- 
stituent of tallow than does stearin : it is a com- 
pound of STEARIC ACID with GLYCERIN. Stearic 
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acid is a white crystalline solid, represented by the 
formula C« H« O. 

100. Glycerin differs materially from it. It is a 
syrupy liquid, rather heavier than water, in which 
it may be dissolved to any extent. It has a sickly 
sweet taste, which gave occasion to the name, from 
yXvKvs (glukus), sweet. It burns with a bright 
flame. Its formula is C* H« 0«. 2 HO. 

101 . Margarin, or margarate of glycerin, is 
also to some extent a constituent of tallow. It 
forms the chief constituent of human fat and goose 
fat, and is contained in most fats and oils. It is 
solid at common temperatures, but less hard than 
stearin. 

102. The only acid peculiar to margarin, mar- 
garic acid, from ^apyaptriyct Tmargaritees) a pearl, 
on account of its pearly lustre, greatly resembles 
stearic acid. Its formula is C*» H" O', 2 HO. 

103. Olein, or oleate of glycerin, we also 
find in tallow, but to a very small extent as com- 
pared with the liquid fats or oils. 

104. Oleic acid is an oily liquid, of a slightly 
yellowish tint. It reddens blue litmus paper, has a 
weak odor and a pungent taste. It is soluble in 
alcohol and in ether. Its formula is C^ H» O*, HO. 

105. CocoA-oiL, extracted by pressure from the 
steamed nuts of the Cocos nucifera, a species of 
palm-tree, is a white fat of the consistence of lard. 
It contains olein and a solid hard fat, resembling 
stearin, which is often used as a substitute for tallow 
in making candles. 

106. It would appear from what has been already 
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stated, that the consistence of oils and fats must be 
related to the proportion, in the oil or fat, of olein 
on the one hand, and of stearin and margarin on the 
other. Where stearin predominates, the fat is very 
firm. K margarin abounds, it is soft like lard ; if 
olein, it is liquid. 

107. It is unnecessary to enter into the mechani- 
cal process of making candles, beyond stating that 
mould candles are made by casting melted tallow 
into metallic cylinders with the wick in the centre. 

108. All the materials enumerated above, inflame 
of themselves at a high temperature, in air, and 
burn with a very bright flame. But the temper- 
ature which renders them gaseous, decomposes 
them, and they emit a suffocating odor. It must 
therefore be evident that they could not subserve 
the purpose of lighting a room, unless by some con- 
trivance the melted materials should undergo com- 
plete combustion. 

109. Fortunately they all melt at a comparatively 
low temperature, and comport themselves as liquids, 
and by the use of wicks we can accomplish the com- 
bustion of a candle without smell. These are usually 
made of twisted cotton, the separate threads of 
which act as narrow tubes, and draw up the oil or 
melted tallow by what is called capillary attraction,* 

* A variety of adhesion, which exhibits itself in the rise 
of fluids up tubes of a very narrow bore, to a height far above 
that of the level of the liquid in which the tubes are placed. 
The term capillary is derived from capiilus, a hair, because 
the more the tubes resemble hairs in the fineness of their 
bore, the higher will be the ascent of the liquid. 
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In composition, these wicks partake much of the 
character of dry wood: for complete combustion 
they require a larger amount of oxygen than they 
ordinarily obtain, and therefore need sfivffing, be- 
cause the whole of the carbon cannot be consumed. 

110. In order to supersede the necessity for 
snuffers, wicks are now prepared, in which either 
a thin metallic wire is interwoven, or which are 
steeped in solutions of nitrate of bismuth or lead, 
salts containing large quantities of oxygen, which, 
at the high temperature of the ignited wick, oxydises 
and consumes it. In Palmer's candles the wick is 
formed of two halves twisted spirally round each 
other. Each half is bound round in a tolerably 
compact form, and the process of untwisting the 
spiral by the gradual burning of the candle causes 
the tops of the two wicks to spread out laterally 
beyond the limits of the flame. The charred part 
of the wick coming into contact with air, oxydizes, 
and is changed into carbonic acid gas. 

111. Wicks are sometimes made of asbestos, for 
use in oil-lamps, a mineral substance unchangeable 
in fire. Even glass tubes are occasionally used as 
substitutes for cotton wicks in night-lights. 

112. Before further considering the flame of a 
candle, it will be as well to clear the way of every 
difficulty. All the sources of light so recently enu- 
merated consist only of carbon, hydrogen, and 
oxygen, in certain fixed proportions. The affinity 
of the hydrogen for the oxygen is greater than that 
of the carbon. The gases which are obtained from 
the tallow or wax, in passing through the-infiamed 
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wick, are very similar to coal-gas. They are mix- 
tures of olefiant gas with light carbonetted hydro- 
gen, and in speaking of them we shall simply call 
them gas, 

113. The light of the flames of tallow, wax, and 
.oil, is due to the same cause as that of coal-gas. 
The formation of gas may be thus described: the 
melted tallow, or wax, or the oil, drawn by capillary 
attraction into the burning wick, is there decom- 
posed and converted into gas, which rises in a 
conical form, and is of a temperature sufficiently 
high to unite with the oxygen of the air. But this 
combustion is superficial only, as the fame includes 
a portion of heated vapor which cannot burn for 
want of oxygen. If the structure of the fame be 
examined yet a little more minutely, it is seen to 
consist of three distinct parts. The dark 
centre represents the unburnt combustible 
cone of gas. The brilliant part of the 
fame, or that which gives out light, sur- 
rounds the dark cone ; in this the gas is 
decomposed, the hydrogen alone burns, 
while the carbon is deposited in minute 
particles, which become heated to white- 
ness. And then, again, on the very 
exterior is another portion, scarcely visible, Fig. m! 
in which the carbon burns. The combustion of the 
hydrogen produces the heat of the candle, and the 
particles of carbon radiate the light. The heat in 
the centre of the fame is so low, that gunpowder 
may be held there without becoming ignited. The 
hottest part of the flame is just at the top of the 
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luminous cone, where the combustion is perfect. 

114. The chemical etfects produced on many 
substances hj the exterior and interior parts of the 
flame, are exactly opposite. Just within the lumi- 
nous cone, most compounds of oxygen are deprived 
of their oxygen, de-oxydized^ or reduced; but at the 
summit of the flame, metals are oxydized. If a 
piece of copper wire is held at the very point of the 
flame, it rapidly becomes covered with a coating of 
oxide of copper; but, on depressing the wire into 
the interior of the flame, the oxide is reduced (as it 
is called, from reducere, to lead back again), and 
the wire again becomes bright. 

115. When the combustion of a tallow or wax 
candle is complete, nothing but carbonic acid and 
water is given out to the air. There is no smell. 
But if a lighted candle or lamp be carried quickly 
through the air, it smokes and gives out an unplea- 
sant smell, because the temperature of the flame is 
80 much lowered, that it can no longer consume all 
the carbon, or all the vapor, of the decomposed 
tallow, wax, or oil. 

116. Camphine, C* H**, or rectified oil of tur- 
pentine, is a clear, colorless liquid. The amount of 
carbon in it, as compared with its hydrogen, is so 
great, that no ordinary wick would effect its com- 
bustion. But by the application of the principle of 
the Argand-burner, and the use of a chimney-glass, 
tinged of a pale blue, sufficient air can be supplied 
to the circular wick, to cause the production of the 
most brilliant and most perfect artificial light for 
ordinary purposes with which we are acquainted. 
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117. Not that such a light is perfect ; far from . 
it. All artificial lights are faulty, when compared 
with sun -light. 

118. The proportion in which the primary colors 
combine to form white or day-light is: — 

Yellow ... 3 parts 
Bed ... 5 parts 
Blue ... 8 parts 

119. If these proportions are not maintained, the 
light, instead of being white, will be tinged with 
whatever hue is in excess. All our ordinary lights 
abound in yellow and red rays, for it requires a high 
temperature indeed to produce the blue rays in 
abundance. 

120. To the discomfort occasioned to the eye by 
the excess of the yellow or red rays, must be added, 
the heat of fames, and their unsteadiness. 

121. The injurious effects of artificial light may 
be much lessened by surrounding the light with a 
shade, colored blue on the inner surface, or by a 
lamp- glass similarly tinged, which tend to absorb 
the excess of yellow and red rays. 
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43. What is tbe chief object of oxygen ? What phenomena 
always accompany combustion? Are heat and light con- 
vertible into one another? Does moonlight form any excep- 
tion? 

44. What is necessary to all ordinary combustion? Can 
the temperature be fixed at which bodies bum in air? Why 
do the products of combustion usually escape notice ? 

45. What is the fundamental constituent of most sources 
of artificial heat and light? Is it of abundant occurrence? 
Name some of the sources? When it unites with oxygen 
what acid is formed ? Does it exist in a free state ? Where ? 
To what extent ? Do we find it in combination ? What are 
its salts called ? D«es carbon buried in the ground or ex- 
posed to air undergo change ? But when heated, what be- 
comes of it? What is ash? Which is the organic part of 
coal ? What is the occasion of the heat produced in burning 
carbon? 

46. Has carbonic acid always the same composition? 
Does combination always take place in fixed proportions? 
In what proportions do carbon and oxygen unite to form 
carbonic acid? 

47. Is there no other combination of carbon with oxygen ? 
What is its name? When is it formed? What are its pro- 
perties ? Have you ever seen it bum ? 

48. How may the elements carbon and hydrogen be ex- 
pressed symbolically? How do chemists briefly express the 
names of elements ? 

49. In what proportions are the elements combined, in 
forming carbonic acid and carbonic oxide? 

50. What do we understand by equivalent? Can you 
give the equivalents of carbonic acid and carbonic oxide? 

51. Have we any notion of the nature of the ultimate forms 
of matter ? Can any good reason be given for the manner in 
which combination takes place ? What do we understand b}' 
atoms ? What is the derivation of the word ? What then is 
a compound made of ? How may the combinations of carbon 
be expressed? How much less in weight is an atom of 
carbon than one of oxygen? What are their respective 

weights? 

F 
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52. How much carbon and oxygen are contained in 100 parts 
of carbonic acid ? How much in 100 parts of carbonic oxide ? 

53. How do we express the formulae of carbonic acid and 
oxide ? How much more oxygen does carbonic acid contain ? 

54. Is hydrogen a source of heat? What is its symbol? 
What compound does H form with O ? How much lighter 
than O and air is H ? What is water a compound of? 

55. What is oxy-hydrogen? What is most characteristic 
of the mixture? 

56. What kind of flame, as regards brightness, is that of 
oxy-hydrogen ? Is pure gaseous matter capable of giving 
out light ? Give an instance ? 

57. Is there any other source of light Imd heat in addition 
to carbon and hydrogen ? In what gas do bodies burn most 
brilliantly ? Give some instances of combustion in O? What 
may oxygen be called as regards combustion? 

58. Are all elements capable of oxidation? With evolu- 
tion of what? 

59. When a substance cannot further enter into combina- 
tion with oxygen, what is it said to be ? 

60. Does a body increase in weight by combination with 
oxygen ? To what extent ? 

61. Is the term destructibility of matter correct? When a 
candle or coal bums away, what becomes of it ? Can you give 
an instance in which the product of combustion is visible ? 

62. Who is the supposed discoverer of coal gas? How far 
back may the germ of the invention be traced ? Can you re- 
late an experiment made by Dr. Clayton ? What do we un- 
derstand by the term destructive distillation ? Who made 
the first application of coal gas to illumination? When did 
lighting by gas become general in London ? 

63. What is coal formed from ? Are traces of vegetation 
ever met with in coal? To what extent? 

64. What changes has the vegetable matter undergone in 
forming coal ? What is the cause of the stone-like qualities 
of coal? 

65. Does coal differ much in appearance and composition ? 
What are the principal constituents of coal ? Does pure coal 
contain nitrogen ? How does coal comport itself in fire? Upon 
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what does the Talae of coal depend, as regards its illumin- 
ating properties ? How mach ash does coke contain ? 

66. What elements does splint coal consist of? 

6?. Is nitrogen found in most kinds of coal ? What com- 
pound of nitrogen is formed in the combustion of coal? Do 
we know in what form the nitrogen exists? 

68. What is the ash of coal composed of? Of what is iron 
pyrites composed ? What appearance does it present ? From 
whence is the sulphuretted hydrogen of unpurified coal gas 
derired? 

69. Give a brief description of the manufacture of coal 
gas ? Name the various impurities of gas ? 

70. How much gas is obtainable from a ton of Scotch cannel 
coal ? What may be considered a fur average ? 

71. What are the light-giving principles of coal gas called ? 

72. What gas forms the bulk of street gas ? What is it 
composed of ? What is its symbol ? Its pr(^rties ? How 
much oxygen does it require for complete combustion ? 

73. Of what gas is light carbonetted hydrogen a chief com- 
ponent? How does Will-o'-the-wisp enkindle itself ? 

74. Why is it called marsh gas ? 

75. What is the chief compound of gas, as regards quality ? 
Whence the names ? What is its specific gravity ? What 
are its properties ? What is it composed of ? Why does it 
bum with so great light? What does it form in combustion? 

76. Are any other gases contained in coal gas? What 
per centage of its two chief constituents do we find in every 
good kind of 'gas ? 

77. Upon what, in coal gas, does its luminosity depend? 

78. State the chief properties of oxy-hydrogen ? 

79. Upon what then does luminosity depend ? Can you 
prove it ? What element causes luminosity ? State the na- 
ture of the change which coal gas undergoes in combustion ? 
How do we obtain the brightest light from gas ? What ele- 
ment must be completely burnt? 

80. What is the Bude light? 

81. How do we obtain a full amount of light? 

82. Is gas an economical source of light? What is neces- 
sary to provide against in its combustion? 

83. How much gas is burnt in London ? 
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84. What is the nature of fire-damp ? Upon what does 
the efficacy of the Davy-lamp depend ? Illustrate its action. 
Why does gauze cool down flame? Upon what does the 
safety of the lamp depend ? 

85. What is necessary in the combustion of coal ? Ex- 
plain the combustion of coal in a fire-place. 

86. To what is the burning of fuel due ? Why does not 
the formation of so much carbonic acid put out the fire? 
Why does it ascend ? Why does flame ascend ? Does a fire 
ventilate a room ? How ? 

87. Could the waste of fuel in form of smoke be prevented ? 
What occasions the chief formation of smoke? 

88. What is the temperature of a full red-heat ? 

89. What is lignite ? For what is it used ? 

90. What is the word anthracite derived from ? What are 
its chief properties ? 

91. How are peat and turf formed? 

92. Of what is wood composed? Why does wood bum 
away quickly ? What are the products of the dry distillation 
of wood ? Do wood fires give out any peculiar odors ? 

93. What is charcoal? How is it made? What amount 
of ash does charcoal contain ? 

94. Why does the chemistry of a candle form a right mat- 
ter for consideration ? 

95. How is wax obtained ? Of what nature is it ? Of 
what two compounds is it composed? Do they differ in 
composition ? 

96. Whence is spermaceti obtained? What is its nature? 
Of what is it composed ? 

97. Whence is tallow obtained ? What color is it? What 
is the best tallow used for ? Inferior? 

98. What is stearin? What other name has it? What 
are its properties ? How are composite candles made ? 

99. What are the properties of stearic acid ? 

100. What is glycerin? Whence its name? What are its 
properties ? 

101. Is margarin a compound of tallow ? Is it contained in 
other combinations ? What are its properties ? 

102. Whence does margaric acid derive its name? Of 
what is it composed ? 
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103. What does olein most abound in ? What is its more 
complete name ? 

104. What are the properties of oleic acid ? Its formula ? 

105. Whence is cocoa-oil derived ? What are its proper- 
ties? Is it much used ? 

] 06. Upon what does the consistence of oUs and fat depend ? 

107. How are mould candles made? 

108. At what temperature do wax, &&, inflame ? What 
changes do they undergo in combustion ? 

109. How can we accomplish the combustion of tallow 
without smell ? Explain the character of capillary attrac- 
tion ? What are wicks made of ? Why do they need snuffing ? 

110. Can snuffing be superseded ? How? In what man- 
ner are Palmer's candles made ? 

111. Of what other materials are wicks sometimes made ? 

112. What elements are all candle materials composed of? 
Which element bums first? Why? Of what nature is tal- 
low gas? 

113. To what cause is the light of candle-flames due? 
How does the formation of gas proceed ? Does combustion 
take place throughout the flame ? Into how many parts may 
the flame be divided ? Explain the different parts. In a 
candle flame, which element produces mainly heat, and 
which Ught? 

114. What is the difference between the oxydizing and 
deoxydizing part of the flame? What changes does copper 
wire undergo in the two parts? What do we mean by re- 
duction? 

115. What compounds are produced in complete combus- 
tion? 

116. What is camphine? What element abounds in it? 
What arrangement is required for its complete combustion ? 
Is its light good ? 

117. Is any artificial light equal to sunlight? 

118. In what proportions are the primary colors mixed in 
sunlight ? 

119. What colors abound in all common lights ? Why ? 

120. What discomfort does artificial light produce? * 

121. Can this discomfort be lessened? How ? 



CHAPTER III. 



CHEMISTRY OF THE BREAKFAST-TABLE. 



122. In speaking of the various substances which 
appear on our breakfast-tables, I propose to confine 
myself to water, and the various decoctions which 
are made with it ; sugar, which sweetens our tea, 
COFFEE, and chocolate ; milk, which makes it 
more nourishing and palatable, with its products, 
butter, and (incidentally) cheese ; flour, from 
which our bread is made, and eggs, which form so 
agreeable and nutritious an addition to our morning 
meal. Meat, preserves, and other accessories at 
our breakfasts, must be reserved for the Chemistry 
of another meal, which will hereafter occupy our 
attention. 

123. We shall proceed at once to a further consi- 
deration of that fluid, on which depends so much of 
the comfort of our morning repast — water. How 
marvellously useful, and correspondingly abundant, 
is water ! The sea covers nearly three-fourths of 
the earth's surface; in the form of brooks and rivers 
water flows through the land in almost every direc- 
tion; it rises at all times as vapor into the air, forms 
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clouds, and again descends to the earth in rain or 
dew. 

124. Water is a definite compound of 1 eq. (short 
for equivalent) of hydrogen, with 1 eq. of ozjgen. 
Symbol HO. £q. 9. The per centage composition 
of water is : — 

Hydrogen H . . . . 11*11 

Oxygen O 88*89 

It is the unit by which the density of solids and 

liquids is compared, and therefore its sp. gr. (short 

for specific gravity) is 1. 

125. It admits of easy proof, that water is not an 
element. If we pass steam from a glass retort (a) con- 
taining water over iron filings heated to redness in 

a gun barrel, a gas escapes 
(hydrogen), which bums 
with fiame (6), and the 
iron-filings are found to 
be rusted or oxydized. 

126. Water freezes at 
a temperature of 32® F. 
Ice is lighter than water. 
Fig. 15. The sp. gr. of water being 

1', that of ice is 0-92. 

127. The property of nearly all liquids, except 
water, is to contract as they cool. However unim- 
portant this exception may at first appear, our ad- 
miration must be greater when we reflect upon its 
consequences. Were it not for this, the very climate 
of our country would be changed. We know the 
freezing of water to be due to the coldness of the 
air; consequently, the upper part of the water is 
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colder and heavier, and sinks to the bottom. If the 
water became continually denser, to its freezing 
point, the circulation of the heavier water to the 
bottom, and the lighter to the top, would continue 
till the whole mass of water had reached the ice 
point; a cold day would then suffice to turn all the 
water of our rivers and lakes into ice. This does 
not happen, because water, at a temperature below 
40° F., expands, becomes L'ghter, and floats. Thus 
freezing can only take place at the surface, and ice 
be but gradually formed. At a small depth below 
the ice, water retains the temperature of 40**. Water 
is most dense at 39*2°. It is slightly compressible, 
but only under very great pressure. 

128. Another striking property of water is its 
solvent power. Very many solid substances are 
capable of uniting perfectly with it. Thus, when 
sugar is put into water, it dissolves, and a solution 
of sugar is obtained. Whenever solution takes 
place, the water possesses the taste of the substance 
dissolved. Thus, the solution of sugar is sweet; 
and if the water be evaporated* by heat, the solid 
substance may be always recovered. Owing to this 
solvent power, water, as it passes through the earth, 
takes up many solid substances which more or less 
injure its purity. The distinction between soft and 
hard water, has reference to its greater or less de- 
gree of purity; river water is softer than spring 
water; spring water than sea water. The most 

♦ Many liquids fly off in vapor or evaporate at the ordinary 
temperature of the air. Thus, water exposed to the air, dis- 
appears more or less slowly, according to temperature. 
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abundant of all the substances extracted by water 
from. the earth is common salt; hence, we find it in 
springs and rivers, as well as in the sea. There 
are, of course, different degrees of saltness even in 
the sea. Owing to the great heat, the water at the 
equator contains more salt than the English Chan- 
nel, becanse only the water evaporates; although eva- 
poration is going on constantly all over the ocean. 
The presence of salt in the sea renders it more buoy- 
ant than common water. 

129. But the hardness of the water is more espe- 
cially due to salts of lime. When much gypsum is 
contained in water, it is deposited by evaporation in 
kettles and pans, and is said to sUUe them. When, 
however, the lime is contained in form of carbonate 
of lime or chalk, this is also deposited at the boiling 
point, and is said to fur them. 

130. Gases are also taken up by water. Thus, 

of the gases already described, one volume of water 

may absorb — 

Volumes of Ofts. 

Of ammonia 670-000 

Of nitrogen 0025 

Of hydrogen 0020 

Of oxygen 0-037 

Of carbonic acid . . . 1*000 

Of carbonic oxide . . . 0*015 

Rain, therefore, in passing through the air, absorbs 
(from absarbeOf I suck up) some of its constituents. 
If rain water be heated, the air will be seen to escape 
from it in bubbles. Here, again, is seen the im- 
portance of this solvent power, it being alone by the 
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vital air or oxygen thus absorbed, that fishes are 
able to live in that medium. ^ 

131. If water be exposed to beat in open vessels, 
it boils, and is converted into steam, at a tempera- 
ture of 212® F. If the heat be continued, the whole 
of the water will evaporate, leaving all solid impu- 
rities at the bottom of the vessel. When the pro- 
cess of evaporation is so conducted, that the vapor 




Fig. 18. 

obtained from water, heated in a retort (^g, 16), is 
cooled down, or condensed drop by drop, we obtain 
pure distilled water. 

132. It is necessary to point out a distinction 
which will be of great importance to bear in mind. 
Most vegetable and animal substances contain a 
large amount of actual water: but they likewise 
frequently contain many other compounds, in which 
oxygen and hydrogen are united in the proportions 
in which they are found in water. Not that these 
compounds contain water, but they can be compelled 
to form water, by destroying their organization ! 
When, therefore, a compound is spoken of as con- 
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taining the elements of water, the meaning of the 
expression will be intelligible. 

133. The purer or softer the water, the better it 
is adapted for making infusions of tea and cofifeey 
or decoctions of cocoa. Should, however, water be 
particularly hard, a little carbonate of soda added 
to it, will, bj removing the lime from solution, 
much improve.it. For the preparation of a good 
cup of tea, coffee, or cocoa, it is absolutely essential 
that the water boil. 

134. As regards tea, the cultivation of the tea- 
shrub, although confined until very lately to the 
eastern parts of Asia, is carried on over a large 
tract of country. It grows plentifully in Japan, 
both in a wild and cultivated state, and is found 
also in Cochin-China. The plant in cultivation 
about Canton is known to botanists as the Thea 
bohea, while the more northern variety, found in 
the green-tea country, has been called Thea viridis. 
Both black and green teas can be made from either^ 
at the pleasure of the manufacturer, and according 
to demand. There are, of course, still further va- 
rieties of tea-plants; for, as the tea-plant is multi- 
plied by seed, like our hawthorns, it is impossible 
that the produce can be identical in every respect 
with the parent. The seeds are sown in some cor- 
ner of the tea-farm, from which they are afterwards 
transplanted. When about a year old they are 
planted in rows, five or six together, and about 
four feet apart. The young plantations are always 
made in spring, and are well watered by the rains 
which fall at the change of the monsoon in April 
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and May. When seen at a distance, a tea planta- 
tion looks like a little shrubbery of evergreens; the 
leaves are of a rich dark green, and afiPord a pleasing 
contrast to the strange and often barren scenery 
which is everywhere around. 

135. The young plantations are allowed to grow 
unmolested for two or three years, the natives being 
aware that the practice of plucking the leaves is 
very prejudicial to the health of the shrubs. The 
length of time which a plantation will remain in full 
bearing depends, of course, on a variety of circum- 
stances; but, with the most careful treatment, con- 
sistent with profit, the plants will not do much good 
after they are ten or twelve years old; they are often 
dug up, and the space replanted before that time. 

136. The difierence in the manipulation of green 
and black teas may be given in a few lines. 

137. Green Tea, — The fresh leaves are spread 
out thinly on flat bamboo trays for the course of an 
hour or more^ in order to drive off all superfluous 
moisture. In the mean time the roasting-pans have 
been heated with a brisk wood-flre. A portion of 
leaves are now thrown into each pan and rapidly 
moved about, and shaken up with both hands. They 
are immediately affected by the heat, begin to make 
a crackling noise, and become quite moist and 
flaccid, while at the same time they give out a 
considerable portion of vapor. They remain in 
this state for four or five minutes ; they are then 

rawn quickly out, rolled up in balls, greatly com- 
pressed to get rid of moisture, and then again 
thrown into the pan. Here the leaves are kept in 
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rapid motion by the hands of the workmen. In 
aboat an hour or more they have become well dried, 
and their color, which naturally is of a dullish 
green, permanently fixed. 

138. Blach Tern. — With reference to the leaves 
which are to be converted into black tea — Ist, they 
are allowed to lie for some time spread out in the 
factory after being gathered, and before they are 
roasted ; 2ndly, they are tossed about until they 
become soft and flaccid, and then left in heaps ; 
3rdly, after being roasted for a few minutes and 
rdled, they are exposed for some hours to the air 
in a soft and moist state; and 4thly, they are at last 
dried over charcoal fires. The difference in the 
manufacture of black and green teas is therefore 
most marked. — Fortune^s China. 

139. Tea was first introduced into Europe by a 
Russian embassy at the commencement of the seven- 
teenth century. The yearly production of tea now 
amounts to 500,000,000 pounds. 

140. More than one half of the weight of tea- 
leaves consists of wooDT fibre ; a substance insoluble 
in water, and without a particle of nutriment. The 
black teas contain more of this fibre than the green. 
They sometimes contain as much as sixty-five per 
cent. 

141. If to an infusion of tea, a solution of a salt 
of iron is added, the mixture turns black as ink. 
This well-marked property is owing to a peculiar 
principle, to which the name of tannin has been 
given, because it is essential to the conversion of 
the skins of animals into leather. The astringent 
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flavor of tea is owing principally to this tannin, of 
which green tea contains as much as 17 per cent. 
As a rule, the longer tea stands, or, to speak more 
correctly, the longer it is in contact with boiling 
water, the more astringent does it become. At the 
same time, a large amount of extractive* is drawn out 
of the tea, and renders it stronger ; but, inasmuch 
as its fragrance is owing to the presence of a volatile 
oil, the longer the tea is allowed to drawy the less 
pleasant becomes the taste. 

142. THEiN,*the peculiar principle of tea, crystal- 
lizes in fine white prisms of a silky lustre. It is a 
definite compound of carbon, nitrogen, hydrogen, 
and oxygen. Its formula is 0'^ N^® IP 0\ When 
common tea-leaves are placed on a watch-glass, 
loosely covered with blotting-paper, and heated on a 
hot iron plate gradually to the point at which brown- 
ing takes place, long white shining crystals appear 
on the paper and on the surface of the leaves. This 
is thein. 

143. To make a good infusion of tea, M. Soyer 
recommends heating the tea in a dry tea-pot, before 
the hot water is added. Excellent as this plan un- 
doubtedly is, only a small portion of boiling water 
should be poured on the tea, until the leaves have 
become fully expanded, and not until then should 

* The name extractive is one commonly given to all the in- 
numerable yegetable substances not thoroughly examined 
which possess a more or less dark color, and do not crystallize. 
Extraotiye is soluble in water, and generally possessed of the 
taste and the medicinal effect of the plant from which it has 
been taken. It is usually distinguished as bitter extractive 
in aloes, as sweet in liquorice, and so forth. 
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the remainder of the water be added. From three 
to five minutes is long enough for the tea to draw. 
All that is really good for health will be extracted 
in that time. 

144. The adulterations of tea are numberless. 
As it may interest the reader to know how green tea 
is usually prepared for the English market, the fol- 
lowing information has been gleaned for his satis- 
faction from " Fortune's China " : — ** The superin- 
tendent of the workmen makes a mixture, in the 
proportion of four parts of burnt gypsum to three 
parts of Prussian blue, which forms a light-blue 
powder ready for use. About five minutes before 
the tea is removed from the pans, he scatters a por- 
tion of the coloring matter over the leaves in each 
pan; the workmen then turn the leaves rapidly 
round with both hands, in order that the color may 
be equally diffused. In every hundred pounds of 
colored tea will be found half a pound of Prussian 
blue and gypsum." One day, an English gentleman, 
in Shanghae, being in conversation with some 
Chinese from the green tea country, asking them 
what reasons they had for dyeing the tea, and 
whether it would not be better without undergoing 
the process, they acknowledged that tea was much 
better when prepared without having any such in- 
gredients mixed with it, and that they never drank 
dyed tea themselves ; but justly remarked that, as 
foreigners seemed to prefer having a mixture of 
Prussian blue and gjrpsum with their tea, to make 
it look uniform and pretty, and as these ingredients 
were cheap enough, the Chinese had no objection to 
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supply them, especially as such teas always fetched 
a higher price. Not to speak of the folly, would 
that all adulterations of food were equally harmless! 

145. Coffee helongs to the same natural family 
as ipecacuanha, quinine, and the plant from which 
Turkey-red is ohtained. The Coffea Arabica, the 
coffee plant, will, however, be admitted to be the 
head of the family. It is a native of the Ethiopian 
highlands, but is now extensively grown in Arabia 
and the East and West Indies. Its height is about 
sixteen feet ; the flowers are white and fragrant, 
but they fade rapidly. The fruit somewhat re- 
sembles the cherry, and grows, like the flowers, in 
clusters; when ripe, it is shaken from the tree, and 
laid on mats exposed to the sun; and when dry, it 
is spread upon a floor, and the husks are broken off 
by a heavy roller. The berries are then winnowed 
and further exposed to the sun. Each plant will 
yield from one to two pounds. 

146. Coffee was flrst introduced into England in 
the year 1652, when a coffee-house was established 
in London by a Greek in the neighborhood of 
CornhiU. 

147. Coffee contains about 70 per cent, of woody 
fibre. The coffee-bitter^ or extractive, is a brown 
transparent substance, soluble in water, and having 
the characteristic bitter taste of the raw coffee bean. 
The coffee beans also contain gum and resin, and a 
small quantity of a fragrant volatile oil. 

148. Caffein is the principle which characterizes 
coffee. It is analogous in composition to thein ; 
symbol C'^ W B? 0\ It forms white silky crystals, 
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soluble in boiling water. It is very volatile, and is 
best obtained from coffee-roasters on a large scale. 

149. According to Cadet, coffee, if roasted to a 
pale brown color, loses 12*3 per cent., if to a ches- 
nut-brown, 18*5 per cent, in weight. 

150. The Jlavor of coffee depends upon the roast' 
ing, and the mode of making the beverage. The 
coffee should be mixed with a little brown sugar, 
and well, but rapidly, roasted in close vessels, at a 
temperature of 482^ It should be ground into fine 
powder immediately before it is required for use. 
Should the coffee beans have been roasted some 
time, the flavor of the infusion will be much im- 
proved by re-roasting them for a few seconds. The 
best coffee can only be obtained from freshly-roasted 
beans. 

151. Opinions vary as to whether the coffee 
should be boiled or infused. If an agreeable flavor 
be desired, the more quickly the boiling water filters 
through the finely-ground and freshly-roasted coffee, 
the better. It is, however, necessary to use a 
larger quantity of coffee in this case, than when it is 
boiled. Boiled coffee is darker colored, contains 
more bitter extractive, is less fragrant, and more 
acid than infused coffee, and is, moreover, apt to be 
thick. A little isinglass will, however, quickly 
clarify it. 

152. '^ Persons of weak or sensitive organs will 
perceive, if they attend to it, that a cup of strong 
coffee after dinner instantly checks digestion. It 
is only when the absorption or removal of it has 
been effected^ that relief is felt. For strong diges« 

o 
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tions, which are not sufficiently delicate re-agents 
to detect such effects, coffee after eating, serves, 
from the same cause, to moderate the activity of the 
stomach, exalted bejond a certain limit by wine and 
spices. Tea has not the same power of checking 
digestion." — Liehi^s Letters. 

153. Cocoa. — The cocoa tree ( Theohroma cacao) 
grows wild in several countries of the torrid zone 
of America, especially in Guiana, Mexico, and on 
the coast of Carraccas. The fruit is a large coria- 
ceous (leathery) capsule, having nearly the form 
of a cucumber, the seeds of which furnish the but- 
tery, slightly bitter substance, called cocoa. It is 
now cultivated chiefly in Central America, and in 
British, French, and Dutch Guiana. In the West 
India Islands, the cultivation of cocoa has given 
place to that of sugar and coffee. — Johnston^s Phy- 
sical Atlas. 

154. Cocoa contains a kind of fat called some- 
times vegetable butter^ which is white, of a peculiar 
odor, and of the consistency of tallow. It consists 
chiefly of stearin and oUin ; it is, therefore, in 
composition very similar to tallow. This fat dis- 
agrees with many people, but it may be easily re- 
moved if the cocoa be prepared over night; the 
solid fat being skimmed off in the morning, before 
it is boiled over again. What is called homoeopathic 
cocoa is entirely freed from fat. 

155. Cocoa, like tea and coffee, contains a prin- 
ciple peculiar to itself. It is extracted in the same 
manner as caffein, and has a similar taste. Theo- 
BBOMiN is a white crystalline substance; its formula 
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is C" N* H* O. It may be prepared indifferently 
from cocoa or chocolate. The latter contains sugar, 
and frequently flour or starch, intimately admixed 
with the pounded nuts. It forms a wholesome and 
very nourishing aliment, especially valuable to tra- 
vellers. In the early Spanish colonies of America, 
chocolate was considered, not as a luxury, but as a 
necessary article of sustenance. Of tea, coffee, 
cocoa, and chocolate, the two latter can alone be 
said to be nutritious. That term cannot be applied, 
in any degree, to coffee or tea. 

156. The most curious characteristic of these beve- 
rages is, that they all contain principles so similar in 
composition. For, although theohromin differs from 
^uin and caffein in some respects, yet these prin- 
ciples occur only in beverages employed for the 
purposes of refreshing and gently stimulating the 
system. Liebig has shown all three to be closely 
related to taurin, a principle in the bile; and what 
renders the opinion of this sagacious chemist more 
probable is, that they all contribute to the forma- 
tion of bile. 

157. Sugar must next engage our attention, as it 
is employed to sweeten all our morning beverages. 
The sugar-cane {saceharum officinarum) is the 
plant from which it is obtained. Before the time of 
the Crusades sugar was cultivated in Europe, and, 
though on a very small scale, it is still grown in 
Valencia and Granada. The plant was found grow- 
ing wild in many parts of America, at the time of 
the discovery of that country by Columbus; and it 
has flourished on the coasts of China, and in the 

g2 
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islands of the Pacific, from the remotest aged. The 
produce of certain districts, however, is of especial 
importance for the supply of Europe. These are, 
in the New World, the West India Islands, Guiana, 
and Brazils; in the Old World, Mauritius, Bour- 
bon, Bengal, Siam, Java, the Philippine Islands, 
and China (Johnston's Atlas). Cane-sugar occurs 
likewise in the juice of the maple, of beetroots, 
carrots, turnips, potatoes, and in the nectaries of 
most flowers. 

158. The cane, when ripe, is cut off at the root, 
stripped of its leaves, and passed twice through a 
mill, for the purpose of expressing the juice. To 
prevent fermentation, a portion of lime is mixed 
with the juice, which is then quickly evaporated in 
boilers. As soon as it is found, on trial, to be suf- 
ficiently evaporated, it is transferred into large, flat 
pans, or coolers; here the crystals soon separate 
from the molasses or treacle, the latter being nothing 
else than a concentrated solution of uncrystallizable 
sugar. The sugar itself is packed into hogsheads, 
and brought to this country, under the name of mus- 
eovado or raw sugar. 

159. The process of refining consists in removing 
the coloring matter and other impurities from the 
raw sugar. A strong solution of the latter is made 
in water, and the serum of blood, or white of egg, 
is added. Now it need scarcely be told that white 
of egg, when heated to a certain extent, becomes 
solid, or coagulates ; and as the serum of blood also 
contains dlhumin, or albumen, like white of egg^ 
and the one cannot be distinguished from the other, 
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they may be employed indifferently for the same 
purpose. On applying heat, the albumin curdles 
and forms a complete network, which rises to the 
surface, carrying all solid impurities with it. This 
is skimmed off, and the sugar solution filtered 
through animal charcoal, which entirely removes all 
color. It is then quickly evaporated in a vacuum, 
or at least under greatly-diminished atmospheric 
pressure, by which means exposure to a tempera- 
ture sufficiently high to injure the sugar is avoided. 
As soon as the sugar is capable of being drawn into 
threads, it is carried to the coolers, and agitated with 
wooden oars till it granulates. Upon this agitation 
in the cooler, the whiteness and fineness of grain 
in the refined sugar depend. While the sugar is in 
this state, it is poured into conical earthen moulds, 
closed at the apex of the cone, a small hole, how- 
ever, being left, into which is inserted a paper plug 
which has previously been soaked a night in water. 
When these moulds are sufficiently cold, the paper- 
stops are removed from the points of the moulds, 
which are set, with the broad ends upwards, upon 
earthen pots, to drain. As soon as the uncrystal- 
lizable syrup has been drained off by various pro- 
cesses, the sugar-loaf is baked in an oven, heated 
to a temperature of 95^. 

160. In making sugar-candy, the boiled sugar, 

instead of being put into coolers, 
is poured into pots, across which 
threads are strained ; to these 
threads, crystals in form of six- 
i* ig. 17. sided presses (fig. 15) attach them- 
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selves; the pots are then set in a stove, great care being 
taken not to disturb the liquid, as upon this depend 
the largeness and beauty of the candy. (Brande.) 

161. Barley -sugar is nothing more than melted 
sugar. 

162. These lumps of sugar, or the brown sugar, 
which we consume at our breakfast-table, of what 
do they consist ? Chemistry offers this simple 
solution. Pure sugar is carbon, combined with 
the elements of water. The formula of crystal- 
lized cane-sugar is C^^ H" O". The presence of 
carbon, a simple experiment will prove: — take a 
lump of sugar, moisten it with hot water in a tea- 
cup, and pour some drops of oil of vitriol (sulphuric 
acid) upon it. It will immediately blacken and 
swell; great heat will be evolved, and the lumps of 
sugar be resolved into a lump of cAarcoa/.* The 
cause of this change is, that oil of vitriol, having 
very great attraction (affinity) for water, compels 
the elements of water contained in organic substances 
to unite, in order to satisfy this propensity. 

163. In addition to treacle, there is another des- 
cription of sugar, which we sometimes use to spread 
upon bread, viz. : — honey. Now, cane-sugar is 
found in the nectaries of flowers. This is collected 
by bees, and by them converted into honey and wax; 
that portion of the sugar which is not required for 
nutriment, the bee returns into the combs, in the 
form of a yellow syrup, the smell and taste of which 

* The experimentalist must be careful not to touch it with 
his fingers, until the charcoal has been thoroughly washed in 
water, and all the acid removed from it. 
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varies according to the age of the bees, and the 
nature of the flowers from which the bees have ob* 
tained the sugar. Honey contains two kinds of 
sugar. The solid granular part of th^ honey is of 
the same composition as grape-sugar. The latter 
may be best seen in old raisins, which are commonly 
covered with its crystals. A more correct name 
than grape-sugar, however, is glucose, or sugar of 
fruit, (from ykvKVQ, glukus, sweet) because it is the 
sweetening principle of all kinds of fruit, and not of 
the grape alone. In composition, it differs from 
cane-sugar only in containing a larger quantity of 
the elements of water in chemical combination. Its 
formula is C** H" O". The liquid part of the honey 
contains an uncrystallizable sugar. In addition to 
these, honey contains — a yellow coloring matter, 
wax, and gum. 

164. The next object on the breakfast-table, that 
demands attention, is milk. It is of great import- 
ance, its composition being such, that it is capable 
of supporting animal life, without any other food. 
It varies much in quality, according to the nature of 
the fodder on which the animal is kept, and other 
circumstances. Thus, for example, the more active 
the exercise taken by the cow, the smaller is the 
per-centage of butter, and the larger the per-centage 
of cheese. 

165. To the naked eye, milk appears to be a uni- 
formly white solution. But this is an optical illu- 
sion. Under the microscope, it is seen to consist of 
a perfectly transparent fluid, in which float about 
numberless transparent globules of fat. These, by 
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reason of their lightness, have a tendency to rise to 
the surface, where they collect, and in time, form a 
film or layer of a different character from the fluid 
beneath; this film or layer is the cream, the subja- 
cent liquor the skim-milk. This separation appears 
to take place most completely in a cool temperature, 
from 54« to 60° F. 

166. According to Berzelius, cream consists of : 

Butter 4*5 

Casein 3*5 

Whey ...... 920 



100.0 

167. Milk, is in fact, a natural emulsion; that is 
to say, a mechanical mixture of fatty and other mat- 
ters with a watery solution. 

168. BuTTEE is obtained from cream by churning. 
By agitation, the fatty globules cohere and separate 
from the watery portion in larger or smaller lumps. 
The fluid which remains is the butter-milk. In the 
course of the agitation which the cream undergoes 
in churning, the delicate, elastic, transparent pelli- 
cles of albumin which surround the globules, give 
way, and the globules of butter, being no longer 
prevented by the skin, are left free to cohere. The 
time required for the process is dependent upon va- 
rious circumstances. The temperature should be as 
near 55® as possible, so that in summer a cool, in 
winter a warm place is chosen for the operation. 
On being taken out of the churn, the butter is 
kneaded and pressed, and washed under water, in 
order to free it as much as possible from the butter- 
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milk and curd which it always contains, and to the 
presence of which is to be ascribed the speedj altera- 
tion which batter undergoes in warm weather. 

169. Fresh batter presents the appearance of a 
yellowish fat, of peculiar taste and odor. The fatty 
matter which constitutes the chief part of its weight, 
consists of materials similar to those of other fats, 
viz., of margarin and olein, Margarin gives soli- 
dity to the butter. 

170. The oily part of butter does not consist of 
olein alone, but is a mixture of that substance, with 
about three per cent of buttrin, which gives to but- 
ter its taste and smell. Butyrin derives its name from 
fiouTvpoy (bouturon), butter: it is very liable to be- 
come sour, and to be converted into butyric acid, 
which makes butter become rancid. Its formula is 
(^W&, HO. Butyric acid is a colorless, trans- 
parent, oily liquid, of a sharp acid taste. Being 
very soluble in water, it may be removed from but- 
ter by repeated washings with hot water. 

171. Butter also contains certain acids in mi- 
nute quantities, known by the name of capric, 
CAPROic, and capryuc acids. They do not exist in 
a free state, but in combination with glycerin. 

172. Butter is usually salted in order to make it 
keep. It may be preserved quite fresh for a long 
time, by covering it with syrup, without the addi- 
tion of any salt, and the syrup may be washed off it 
when the butter is required for use. 

173. The water of milk holds in chemical solu- 
tion a considerable per-centage of curd, or casein: 
the latter being dissolved by the soda contained in 
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all fresh milk. It serves for the formation of the 
blood, and for the nutrition of the animal tissues. 
Cheese is a mixture of casein with a greater or less 
quantity of butter. 

174. Milk, when left to itself, as every one knows, 
becomes sour, and curdles. This is owing to the fact, 
that the sugar of milk (lactin), which gives sweet- 
ness to it, becomes converted into an acid. This lactic 
acid combines with the soda, which holds the casein . 
in solution ; and, as the latter is insoluble in water, 
the milk separates into so-called curds and whey, 

175. Sugar of milk is an important constituent of 
milk; it is obtained in large quantities by evaporat- 
ing whey to a syrupy state, and purifying the lactin, 
which slowly crystallizes out, by animal charcoal. 
It forms white crystals of great hardness. It is with 
difficulty soluble in cold water, requiring for that 
purpose six times its own weight ; it has a feeble 
sweet taste, and feels gritty between the teeth. For- 
mula C" H^2 013. gp, gr. 1.54. 

176. After the cream has been removed, there 
still remains a per-centage of cheese, as the follow- 
ing analysis of skim-milk will show : — 

Water 92*87 

Curd, casein or cheese . . 2-80 

Sugar of milk 320 

Ash ..••.... 0*83 
Skimmed milk will, therefore, likewise curdle on 
exposure to air. 

177. The whey still further contains a substance 
similar to white of egg, and various salts. The 
latter consist chiefly of phosphate of lime and mag- 



THE BREAKFAST-TABLE. 91 

nesia (bone earth), common salt, a salt of potass, 

soda, and phosphate of iron. 

178. The composition of fresh cow-milk will now 

be intelligible, and will enable us to appreciate its 

value as an article of food. It consists of, in every 

1000 parts- 
Water 873-00 

Butter 30-00 

Casein 4820 

Lactin 43-90 

Phosphate of lime and magnesia . 2*73 

Phosphate of iron 007 

Chloride of potassium .... 1 '44 

Chloride of sodium 0*24 

Soda, combined with casein . . 0*42 



100000 

179. Of the more substantial articles of consump- 
tion at the breakfast-table, bread, as the most im- 
portant, first claims notice. 

180. The valuable grain which we call wheat, is 
the produce of several kinds of the genus Triticum^ 
winter wheat and spring wheat (Triticum hyhemum 
and Triticum <B8tivum\ being the most common. 
Wheat, like rye, oats, barley, and rice, belongs to 
the natural family. Graminacem (grasses) — a family 
which includes some of the most useful and the 
longest cultivated plants in Europe. Many indica- 
tions, botanical as well as historical, warrant the 
presumption, that Tartary and Persia are the native 
countries of wheat, rye, and oats ; this, however, is 
uncertain. 
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181. In wheat, rye, &c.y starch constitutes the 
principal part of the grain. Indeed, next to wood, 
starch is the most abundant product of the vegetable 
kingdom, and from it the wood itself is formed. To 
obtain starch from wheat, the grain is either coarsely 
ground, and mixed with water in large tubs ; or it 
is put to steep in sacks, until it becomes so soft, that 
the process of kneading suffices to set the starch at 
liberty. It must not, however, be supposed that 
ordinary starch is prepared from wheaten flour, 
though it may be made from it in the manner de- 
scribed. On a small scale, starch may be obtained 
from wheat, by mixing up dough with water, and 
washing it on a linen cloth with water. A milky 
liquid passes through, which, when set aside, de- 
posits the starch in form of a white powder. Pure 
starch is a white substance, half-again as heavy as 
water, and insoluble even in boiling water, in which 
it becomes thick and gelatinous, having the appear^ 
ance of solution, owing to the bursting of the little 
sacs in which each granule is enveloped. In com- 
position, starch differs but little from, and is very 
easily converted into, grape-sugar. This will be 
more readily perceived by comparing the composi- 
tion of both :— * 

C H O 
Grape sugar . . . 12 14 14 

Starch 12 10 10 

Thus, by combining with four atoms of each of the 
elements of water, this change is effected. 

182. Starch, from its ready convertibility into 
sugar^ is well adapted for carrying on those changes 
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which occur in the jaicesof vegetables; and stored 
up, as it is, in the seeds, roots, and pith of plants, 
it supplies, by its decomposition, the materials for 
many of the most essential vegetable products. It 
furnishes, likewise, an important article of food, 
supplying the material for keeping up respiration, 
and the animal heat of the body. The fat of man 
and animals is, in all probability, derived from 
starch. The average per-centage of starch is as 
follows : — 

In Wheat flour . . . 39 to 77 
„ Rye flour . . . . 60 to 61 
„ Oatmeal . . . . . 70 to 80 
„ Rice flour . . . . 84 to 85 

183. The most important nutritive element of 
wheaten bread is a nitrogenized substance— glutin 
or gluten. This is obtained, with great facility, 
by simply kneading a mass of dough under a small 
stream of water, by which the starch, as before de** 
scribed, is carried ofl*, leaving in the hand a greyish, 
glutinous, highly-elastic substance — the glutin of 
chemists. The adhesiveness of gluten is owing to 
the presence of a very sticky substance, called 

OLIADIN. 

184. The washings, collected and allowed to 
stand, soon become clear ; the starch which was 
suspended in the liquid subsides, accompanied by 
flakes of an animalized matter. If the clear liquor 
be decanted and boiled, a lohite froth appears upon 
its surface, which, when skimmed ofl*, has the ap- 
pearance of coagulated white of egg^ and possesses 
the same properties, as well as the same composi- 
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tion. The water from which the albumin is sepa- 
rated, contains all the still soluble portions of the 
flour. On evaporation, we find substances resem- 
bling gum and sugar, together with saline matters : 
these latter aid in the formation of bones. 

165. The per centage composition of the glutin 
and albumin of wheaten flour is as follows : — 

Carbon 53-5 

Hydrogen 7*1 

Nitrogen - 610 

Oxygen . 220 

Phosphorus . ... . . 0*4 

Sulphur . . .... . 1*6 



1000 

186. Including all the nitrogenized substances of 
the grain of wheat under the head of glutin, we find 
it to vary from eighteen to even as much as thirty- 
five per cent, of the whole. Twenty per cent, may 
be considered a fair average. 

187. In making bread in the ordinary way from 
wheaten flour, the yeast added to the dough changes 
the sugar, which, as we have seen, the flour natu- 
rally contains, into alcohol* (spirits of wine) and 
carbonic add gas. The latter forces the tough dough 
into bubbles, which are still further expanded by 
the heat of the oven, which at the same time dissi- 
pates the alcohol. 

188. Leaven is merely dough in a state of inci- 
pient putrefaction. When, therefore, it is mixed 

* The change will be explained in the chapter on fermen- 
tation. 
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with a quantity of fresh dough, the same process of 
change takes place as when yeast is employed. It 
is, however, but little used now, as it frequently 
communicates a disagreeable odor and a sour taste 
to the bread. 

189. In making bread, a still further change is 
occasioned. By the heat of the oven, a portion of 
the starch becomes converted into dextrin (called 
also British gum), a substance easily soluble in 
water, and therefore more digestible than starch. 
That this formation really does take place, may be 
easily proved by wetting, with a moist sponge, the 
exterior of a loaf of bread, and returning it to the 
oven. After a few minutes, the crust will be found 
quite shining, as if covered with gum. The water 
has brought out a portion of the dextrin. In mak« 
ing toasty very much more of the starch becomes 
thus changed, and a small portion of it, as well as 
of the gluten, is carbonized. 

190. There are two great objections to the use of 
white bread. The preference given to very white 
bread, leads some bakers to use alum. The propor- 
tion of alum in a quartern loaf, is said to vary from 
twenty«two grains to three times that quantity. The 
baker is thereby enabled to use an inferior flour, 
which thus assumes a very white appearance ; and, 
owing to the property possessed by alum of absorb* 
ing and retaining water, a smaller amount of flour 
is necessary to make up the full weight of the loaf. 
The natural tendency of white bread to produce 
constipation, is greatly increased by the use of aluoL 
The removal of the bran renders the bread less nu- 
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tritious, for the bran is especially rich in phosphate 
of lime, (bone-earth) in fat, and in nitrogen. A 
man might live upon brown bread and water ; he 
would languish and die upon white bread and water. 
For young children, indeed for all persons still 
growing, brown bread is incomparably superior to 
white. The prevalence of bad teeth among us may 
be in part owing to our universal preference for 
white bread. 

191. In the ordinary process of bread -making, con- 
siderable waste is occasioned by the vinous or ako- 
holic fermentation, and several methods have been 
suggested to prevent it. The one recommended by 
"a Physician," is based upon the fact, that when car- 
bonate of soda is mixed, in the proper proportion, 
with spirits of salt (hydrochloric acid), the common 
culinary salt, chloride of sodium^ is formed; the car- 
bonic acid, being set free, expands the dough so as 
to form bread. It is very necessary that the soda 
should be equally diffused through the flour, for if 
it be deficient in any part, it will not rise there ; and 
if in another part there be too much, or little lumps 
of it, in that place the bread will show a yellowish 
spot. The best mode of mixing it, is to shake the 
soda from a small sieve over the meal or fiour with 
one hand, and stir them together with the other, 
and then to pass the mixture once again through 
the sieve. The acid should then be poured into the 
required water, and mixed as speedily as possible 
with the meal, a wooden spoon being used for the 
purpose. The bread should be put into a quick 
oven without loss of time. 
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192. The prescription given bj "a PbjsicioD/' is 
as fdlows : — 

For White ' Bread — ^Take of flour three pounds 
ayoirdupois ; bi-carbonate of soda nine drachms ; 
hydrochloric acid (specific gravity 1*16) eleven and 
three-quarter fluid drachms ; water, about twenty- 
fire fluid ounces. 

193. For Brown Bread — Take of wheat meal 
three pounds; bi-carbonate of soda, ten drachms ; 
hydrochloric acid (specific gravity 1'16), thirteen 
fluid drachms ; water, about twenty-eight fluid 
oiinces. 

194. Another method of obtaining unfermented 
bread, is to mix sesqui-carbonate of ammonia with the 
floor, of which less than half an ounce to the pound 
will suffice. The heat of the oven first volatilizes a 
portion of the carbonic acid of the carbonate, and 
then the rest of the carbonate of ammonia as such. 
Its use is perfectly harmless. 

196. Bread made in the ordinary way is some- 
times sour. This is owing to the formation of acetic 
acid (vinegar), and lactic acid (acid of milk). 

196. Before concluding so important a subject, it 
is worthy of mention, that bread should be baked in 
an oven sufficiently hot to harden the sides of the 
cells (which are artificially formed by the escape of 
the carbonic acid), so as to retain their form after 
the loaves are removed. When bread is very rich 
in gluten, it requires greater heat than usual, in 
order to get rid of the excess of water. 

197. The more uniformly porous the bread ap- 
pears after baking, the more wholesome is it^ and 

n 
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vice versa. Three pounds of flour usually retain, 
after baking, one pound of water. If alum be added, 
it will hold half a pound more water. 

198. Having so fullj considered the article of 
bread, the last element of breakfast now claims 
attention. Nor is it difficult to understand the 
nature of an egg, and the change it undergoes in 
boiling. An egg-shell is composed of cabbonatb 
OF LIME : the addition of an acid will therefore 
oause effervescence arising from the escape of car- 
bonic acid gas. On a close inspection of the shell, 
it will be found to be perforated in every part. 
These perforations or pores serve for the admission 
of air to the young bird during the process of hatch- 
ing. The admission of air through them causes the 
eggf in time, to become putrid. The best mode of 
preserving them fresh, is to stop these pores by 
painting the eggs with lime, milk, or oil, and then 
to lay them in sawdust. 

199. On breaking an egg, we first meet with a 
colorless liquid, contained in cells ; this is the albu- 
min*, or white of egg. If it be dried at a tempera- 
ture of 120**, it has the appearance of gum, and will 
be found to have lost seven -eighths of its original 
weight. But if the heat be increased to about 160**, 
the albumen coagulates, and is no longer soluble in 
water. Hence white of egg may be described in 
two states : — 

* Albumin has the property of being coagulated by corro- 
sive sublimate, with which it combines, forming an insoluble 
compound $ and is, in consequence, the best known antidote 
to that most fearful poison. Four grains of corrosiye'sublimate 
are said to be rendered harmless by thecontentsof a single egg. 
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200. 1. Dry soluble albumin, when placed in water, 
first swells up, and then dissolves, forming a liquid 
of an opal tint. It possesses the property of dis- 

' fuMng bone'earth, a property which enables the 
blood to convey to the bones their earthy parts. 

201. 2. Coagulated albumin is insoluble in water, 
and yields from one to two per cent, of phosphate 
of lime (bone-earth). 

202. Albumin contains both sulphur and phos^ 
phorus. The presence of the former causes the 

' blackening of a silver spoon, when left in an egg for 
V a short time, owing to the formation of black sul- 
phide of silver. It has the same composition as 
T^etable albumin (see p. 94). Its formula is 
0^ B?^ N** O^ PS^. 

203. The yolk of the hen's egg consists of albu- 
min mixed up with about thirty per cent, of a yellow 
oil : it coagulates, therefore, when heated. The oil 

. may be removed by strong pressure. In composi- 
tion it resembles most oils, and consists of carbon, 
' hydrogen, and oxygen, in definite proportions, to- 
. gether with sulphur and phosphorus. It is of a 
bright yellow color, and has a sickly smell. The 
only tasty principle of the egg is the oil in the yolk. 

204. When an ordinary-sized egg is boiled in 
water, it loses about three-tenths of a grain. Of an 
egg which weighs 1000 grains, 

The shell constitutes . . . 1069 parts 
The white ,, ... 6042 „ 

The yellow „ ... 288-9 „ 
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205. In a hard-boiled egg, the albumin of the 
white and the yolk become insoluble in water^ and 
less digestible. 

206. Undoubtedly, the true starting-point of all 
the animal tissues is albumin. This appears from 
the phenomena of incubation, in which all the tissues 
are derived from the albumin of the white and of 
the yolk, with the aid only of the air, of the oily 
matter of the yolk, and of a certain proportion of 
iron also found in the yolk. It is, therefore, clear 
from this, that albumin is capable of passing into 
fibrine, casein, membranes, horn, hair, feathers, &c. 
(Liebig). 

207. An attentive consideration of the various 
substances partaken of as food at breakfast, will 
suggest a division of them into two classes. We 
have seen that our food in some cases contains 
nitrogen, in others not. The casein of milk, the 
albumin and glutin of bread, the albumin of eggs, 
are substances rich in nitrogen, and serve, by the 
formation of flesh and blood, to increase the mass of 
the human frame. Butter, sugar, sugar of milk, 
honey, starch, and oil of eggs, are rich in carbon, and 
serve not only to maintain the animal heat of the 
body, but for the support of respiration and the 
formation of fat. 
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QUESTIONS ON CHAPTER IIL 

122. What substances are treated of in the present chap- 
ter? 

123. State what you know of the abundance of water ? 

124. What is water composed of? What is its symbol ? 
Its equivalent ? Of what is it the standard of comparison? 

125. How can we prove that water is not an element ? 

126. At what temperature does water freeze ? Which is 
lighter, water or ice ? 

127. Does water continue to contract as it cools ? At what 
temperature does it beg^n to expand ? What is the object of 
this exception? 

128. What is another striking property of water? What 
is the distinction between soft and hard water? Do all 
waters contain salt ? Do they contain the same amount of 
salt? Why does water at the Equator contain more salt 
than that of the English Channel ? 

129. To what salt is the hardness of water more especially 
due ? ^; What is the dififorence between slating and furring ? 

ite. Of the gases with which we are familiar which is 
nuMtiand which least soluble? Is this solvent power im- 
poi^^t? How does it affect fishes ? 

131. At what temperature does water boil ? What is dis- 
tilled water? 

132. What is meant when a compound is said to contain 
the elements of water? 

138. Is hard or soft water best suited for making tea? 
How^may hard water be improved ? At what temperature 
must the water be for making tea ? 

134to Where is the tea-plant found ? What is the botanical 
namd for tea? Can black and green tea be made from the 
same dimb ? How is a tea-plantation made ? What appear* 
anoe has such a plantation ? 

135. How long is a plantation left unmolested ? Does' the 
practice of pulling the leaves injure the plants ? How long 
does a shrub bear? 
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136. Is the difiPerence in the making of green and black tea 
very great ? 

137. How la green tea inade? 

138. Belate how black tea is made? What then consti- 
tutes the difference in the manufacture ? 

139. When was tea first introduced into Europe ? How 
much tea is annually produced ? 

140. How much woody fibre is contained in tea ^ Which 
contains most, black or green ? 

141. What is tannin? How much of it is contained in 
g^n teii? What do we mean by extractive f Is it an ad» 
vantage to allow tea to draw long? 

. 142. What is thein ? Of what is it composed ? How may 
it be prepared ? • 

143.. How does Soyer recommend tea to be made ? What 
o^ier precaution is advisable ? 

. 144* Eelate how the Chinese manufacture green tea. 

145. To what natural family does coffee belong ? To What 
cduntry? ]d:ow is it prepared? 

146. When and by whom was coffee first introduced inti^ 
Etogland? 

147. How much woody fibre does eofi^e contain f What 
is coffee-bitter? '^ 

148. Whatis caffein? What is it composed of? W)»it 
appearance does it present ? 

149. What changes does coffee undergo in roastilbg ! - 

150. Upon what does the flavor of coffee depend ? 

151. Should coffee be boiled or infused ? 

152. What, according to Liebig, is the efibct of strong - 
coffee? Has tea the same effect? 

153. From what tree does cocoa come? What is the fruit 
like ? Where is cocoa now grown ? 

' 154. Of what nature is the fat of cocoa ? In what tesp^t 
does homceopathic cocoa differ from ordiliary f 

'155. What peculiar principle does cocoa contain? What 
is theobromin ? How is it made ? What id chocolate t Is * 
chocolate nutritious ? 

^156. What is a curious feature in tea, cofifee^ and cocoa? 
To what substance in the bile are they related? 
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167. Wli«r» does the sugar-cane grow ? In what plants is 
cane-SQgar foosd? 

158. How is the cane prepared? In what does treacle 
^ftr from raw sogar? 

159. How is the refining accomplished? What is the 
olgect of blood in the purification ? • 

Ifia How is sngarMsandy made ? 

161. WhsU is barley-sugar ? 

162. What is the composition of cane-sugar? How may 
the presence of carbon be proved? 

163. What of honey ? What is the nature of sugar in 
honey ? Is it peculiar to honey or to grapes ? What is the 
name by which it is best known ? 

164. What renders milk of so much importance as an 
ariideoffood? 

165. Is it a uniformly white liquid? 

• 166. What is cream ? What is it composed of? 

167. What name would a chemist give to milk ? 

168. How is butter obtained? What is butter-milk? What 
is necessary to keep batter fresh ? 

1169. Of what is it composed ? What gives solidity to 
Iwtlsr? 

170. What is the tasty principle of butter ? To what is 
the rancidity of batter owing ? 

171. What other acids does butter contain ? 

172. What is the object of salting batter? Can it be kept 
fresh in any other manner? 

173. What is cheeee ? By what name does the card go? 
WUat keeps the cheese in solution in fresh milk ? 

174. Why does milk become sour? What is the sweeten- 
ing principle of milk ? What do chemists call it ? 

175. What elements is it composed of? 

176. Why does skim-milk curdle? 
177* What does the whey contain ? 

178. Whatis the composition of fresh milk? 

179. Whmh is the most substantial article of breakfkst ? 

180. From what plant is wheat derived ? T6 what funily 
dees it belong? What is its coontry ? 

181. What constitutes the chief constituent 6f wheaten 
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flour ? How is it prepared ? What are its properties ? Does 
it differ much in composition from grape sugar ? 

182. Is starch convertible into sugar ? In what parts of 
plants does starch abound ? What object does it serve in the 
human and animal economy ? Whether does wheaten flour 
or rice contain most starch ? 

183. What is the nutritive element of flour ? How may it 
be obtained ? To what is its adhesiveness owing ? 

184. What other nitrogenized constituent is there in flour? 

185. What is the percentage composition of albumin and 
glutin? 

186. What is the average per centage of glutin in flour? 
What other compounds do we find in flour ? 

187. In making bread, what change does the yeast induce? 

188. What is leaven ? Why is it not more generally used? 

189. What change does some of the starch undergo in 
baking? Does toast contain the same principle ? What do 
chemists call it ? 

190. What objections are there to the use of white bread? 
What is the bran more especially rich in? 

191. What waste takes place in the baking of bread? 
Upon what principle does a "Physician*' propose to make 
bread? 

192. How may unfermented white bread be prepared? 

193. Brown bread? 

194. What salt of ammonia may be used ? 

195. To what is the acidity of some bread owing? 
19.6. Why should bread be well baked? 

197. Has the porosity of bread anything to do with its 
wholesomeness ? 

198. What is the nature of an egg? What is the shell 
made of? 

199. What is the chemical name of white of egg? What 
is its property ? 

200. What are the chief properties of soluble albumin? 

201. What are the properties of coagfulated albumin? 
.202. How do you know that albumin contains sulphur ? 

Does vegetable idbumin differ from animal albumin in com* 
position ? J 
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203. In what respects does the yolk differ from the white ? 
Of what nature is oil of eggs ? 

204. What proportions do the yolk, the white, and the 
shell bear to each other? 

205. What effect has long boiling npon an egg ? 

206. What is the true starting-point of all the tissues ? In 
the case of an egg, into what is albumin convertible? 

207. Into what two classes may our food be subdiyided? 
What constitutes the difference in each case ? 



CHAPTER IV. 

CHEMISTRY OF PERMENTATION. 



208. It may be laid down as a general principle 
in Chemistry, that the more simple a substance is, 
as regards its constitution, the more stable will it be, 
and ffice versa: that is to say, the liability of a body 
to undergo change is exactly in accordance with its 
constitution. Only organic substances are capable 
of fermentation; and these, whether derived from 
the vegetable or animal kingdom, are remarkable, as a 
dass, for their complex forms. And yet the number 
of elements which compose them is extremely limited! 
Very few of them contain more than three, viz. 
Carbon, Hydrogen, and Oxygen. In the previous 
chapter on Breakfast-table Chemistry, all of them 
are incidentally mentioned; and, in fact, it is impos- 
sible to speak of the theory of bread-baking without 
entering slightly upon the subject of fermentation. 

209. Starch, cane-sugar, and grape-sugar, 
are the compounds which are capable of vinou^ fer- 
mentationy that is to say, of undergoing a process in 
which spirits of wine, or alcohol, is formed, as is the 
case in making wine and beer. Of these, starch 

* From Tinam, wine. 
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and cane-sugar biust first be converted into gnipe- 
SBgar before they can ferment. 

<210. It will be remembered that pitrp«»ni$fOr la 
not pecnliar to the fruit of the rine, but that it ia ' 
the sweetening principle of all fruits, and that nui*^' 
COSE is, therefore, the more appropriate designation. 
It is less soluble in water, and less sweet, than cane- 
sugar, and crystallizes in a different manner. 

211. A solution of perfectly pure grape-sugar in 
water may be kept for any length of time, without 
the formation of alcohol. But if it be mixed vfHk 
nrfiite of eggi fiour-paste, or blood, id a 8iai& 6f4it* 
compotUian, then alcohol and carbonic acid will 
be fwmed at the ei^nse of the sugar. Now, al* 
though neither alcohol nor carbonic acid is to be 
found in sugar, yet it contains the elements which 
constitute these substances. The composition of 
^pe*sugar is : — 

Carbon 36*4 

Bydrogen 7*0 

Oxygen .*.... 56*6 



1000 
Pure, or absolute alcohol, as it is called, a^d car- 
bbnic acid, the bodies which are produced in 4ke 
procees of fermenttUiony consist of— ^ 

Alcohol. Water. Carboaid Add* 

Carbon. . 52*19 47-27* 

Hydrogen . 13-02 11*1 

Oxygen . 3479 88-9 72*73 



100*00 lOOH) KX)O0 



108 CHEMISTRY OF 

^though it must be distinctlj borne in mind 
that sugar contains no alcohol, yet, because it be- 
comes changed by a ferment into alcohol, and car^- 
bonic acid, we may assert, for the sake of simplicity, 
that one hundred parts of glucose consist of : — 
Alcohol. • .... 46-46 
Carbonic Acid . . . 44*45 
Water ...... 909 
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212. It has been said that solutions of pure sugar 
cannot ferment; but in fact, no such solutions exist 
in nature. The juices of all fruits contain within 
themselves the elements necessary for the produc- 
tion of vinous fermentation. 

213. Now, it may be fairly asked, what is under- 
stood by B. ferment f It is a certain form of matter 
in a state of change, which change it is capable of 
communicating. All ferments contain nitrogen, 
and are in a state of decomposition. Fresh white of 
egg, for example, is not in itself a ferment ; but when, 
by the action of the air, it becomes putrid, an alte- 
ration in its character takes place. Not only does 
it become changed in character, but it is capable of 
inducing a similar kind of change in compound 
bodies, such as sugar, with which it may be brought 
into contact. Ferments are, therefore, contagious; 
or, in other words, capable of propagating their 
state of change. Fermentation is a process of 
change, occasioned by a new arrangement of the 
elements of a compound. The name is derived from 
fermentum^ that which is light and puffy; originally 
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applied to the process by which alcohol is formed in 
liquids containiDg sugar. 

CHEMISTRY OF WINE. 

214. The juice of the grape^ Vitis vinifera^ con- 
sists mainly of water^ holding in solution — grape- 
sugar, albumin^ cream of tartar, a coloring matter^ 
an oil, and a small quantity of tannin. It is obvious, 
therefore, from the presence of albumin, that grape- 
juice can ferment of itself. The proportions in 
which these various constituents of the juice exist 
in the grape, vary according to climate, culture, and 
the nature of the soil. 

215. Few crops are so much at the mercy of the 
atmosphere as the vine ; even in the most favorably 
situated vineyards, it is rare that wines of equal 
quality and flavor are produced in two successive 
years. A hot summer is naturally favorable to the 
vine; but, besides the sustained heat, which is ne- 
cessary during the whole year's growth, it would 
appear that a mild autumn is a necessary condition 
to the ripening of grapes. The cultivation of the 
vine would be altogether ruinous, were it not for 
the circumstance that the value of wine increases in 
a much greater ratio than its quality, so that one 
good year often indemnifies the grower for many 
bad ones, and that the vine grows and thrives in 
situations where it would be difficult to rear any- 
thing else. The produce of a vineyard depends 
also upon its age. Official documents, whilst they 
give the mean produce of the vive, for the whole 
of France, at 171 gallons per acre, state the 
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wliole of the wine produced over the country at 
976,906,414 gallons. The produce of the vine- 
yards of the German States brought to market, ap- 
pears to be 59,180,000 gallons. (Boussingault). 

216. In making wine, the juice of the grape is 
put into vats, or barrels, and left to itself. The 
aJhumin which it naturally contains, acted upon by 
the oxygen of the air, soon decomposes, and acts as 
a ferment upon the sugar. Alcohol is formed in the 
liquid, which becomes changed into wine, and cat" 
bonic acid is given off in such enormous quantities, 
as to require some care in the overlookers. As 
when fermentation has once set in, the access of air 
is not only no longer necessary, but is rather inju- 
rious than otherwise, it is the custom in some 
countries to pass the gas by means of a tube con- 
nected with the spunt of the barrel, into a solution 
of potash or soda-ash ; thus, not only is the poison- 
ous carbonic acid removed from the air, but a useful 
salt (the so-called bi-carbonate of potash, or soda) is 
obtained by its union with the potash, or soda. 

217. It has been mentioned that grape-juice con- 
tains cream of tartar, a combination of two eqs. of 
tartaric acid with one eq. of potash. This acid salt, 
which chemists call hi-tartrate of potash^ though 
soluble in water, is insoluble in alcohol. As fast, 
therefore, as alcohol is formed, at the expense of the 
sugar, does this salt separate in the form of a hard, 
crystalline substance, from which all the cream of 
tartar of commerce is obtained. In good vintages, 
when the sugar predominates, the formation of alco- 
hol proceeds to such an extent, that the great bulk 
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of the salt is removed ; but in bad vintages mnoh of 
it remains in the wine, rendering it sour, 

218. Now, just as the juice of the grape contains 
an acid salt, so likewise does the juice of aj^les, 
pears, gooseberries, currants, and elderberries, from 
which home-made wines are prepared, though in 
them it is of a different character. The malic aeid 
(from mains, an apple, because first discovered in 
aisles) and the citric acid (from citrus, a citron or 
lemon) contained therein in combination with potash, 
are not affected bj any quantity of alcohol, because 
thej are equally soluble in water and in alcohol, 
and thus, however disguised with excess of sugar, 
these home-made wines are very unwholesome for 
many persons. 

219. When the quantity of sugar predominates 
over that of the albumin or ferment, the result is a 
more or less sweet wine. But when the ferment 
abounds, the wine has a dry taste. 

220. If the fermentation of grape juice be checked 
before it is complete, and the wine bottled, the pro- 
cess will be continued in the bottles. The carbonic 
acid gas being disengaged under considerable pres- 
sure, is retained in the wine, and thus are obtained 
those delicious wines. Champagne, sparkling Moselle, 
Hock, &c, 

221. The coloring matter of the grape resides in 
the skins. The juice of both red and white grapes is 
nearly colorless, because the coloring of the skin is 
insoluble in water, but soluble in alcohol. If, there- 
fore, red wine is to be made, the expressed juice is 
allowed to fervent in contact with the skins, until 
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tbe formation of alcohol has drawn out their coloring 
matter. 

222. The color of dark sherry is artificial, being 
derived from caramel, or burnt sugar. Great fraud 
is practised in the doctoring of wines. Strength is 
given by the addition of alcohol — acidity corrected 
by the use of oxide of lead ; the favorite astringency 
of old port conferred by alum, bark, or rhatany ; 
further, whilst the color of wine is heightened by 
the use of logwood and elderberries, bouquet is con- 
ferred by certain essential oils. 

223. The quantity of alcohol contained in \irines 
varies ; the richer and riper the grape, the stronger 
will be the wine. Port wine and sherry contain 
sometimes as much as twenty-five per cent. ; other 
samples only sixteen per cent. The light wines of 
Grermany and France contain from ten to fifteen 
per cent. Wine owes its intoxicating character 
to the presence of spirit. 

Absolute alcohol, or pure alcohol (which 
may be obtained by distilling the spirits of wine of 
commerce with half its weight of quick-lime), is a 
colorless, limpid liquid, of an agreeable, though 
somewhat pungent, taste and smell. Its specific 
gravity is only J that of water, being 0*793 at 60°. 
It is highly inflammable, and burns with a pale 
blue flame, free from smoke. It boils at 173^ 

225. The composition of alcohol is expressed by 
the formula C^ ff 0-[-H0; it is produced by the 
breaking up of one equivalent of glucose (C^^ H" O") 
into two eqs. of alcohol (2 C* H^ O -f- HO), four of 
carbonic acid (4 CO^), and two eqs. of water (2 HO). 
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226. Absolute alcohol absorbs water from living 
tissues with such avidity that it destroys their 
vitality ; it may therefore cause death when taken 
into the stomach. But these poisonous effects cease 
when diluted with water. Taken in small quanti- 
ties, it produces a cheerful flow of spirits ; in greater, 
intoxication. 

227. Alcohol has never been frozen, even at a 
cold of — 212°F. ; hence its adaptation for the mak- 
ing of thermometers, by which great degrees of cold 
are to be measured. 

228. Spirits of wine of commerce contains up- 
wards of thirteen per cent, of water. Next to 

.water, it is the best solvent with which we are 
acquainted. And that it is largely employed as a 
means of solution will be apparent from the fact, 
that eau de cologne and the various perfumed 
waters, liqueurs and cordials, tinctures and var- 
nishes, are solutions of the various oils, resins, 
barks, roots, and plants, in spirits of wine. 

229. The conversion of alcohol into etheb is a 
change of such importance, that mention of it ought 
not to be omitted. It is formed by distilling equal 
weights of alcohol and oil of vitriol. The action 
of the latter will be more • intelligible when we 
compare the composition of alcohol with that of 
ether. 

The formula of alcohol is C* H* O + HO 
That of ether is . . . O H* O 

Oil of vitriol has therefore only taken one eq. of 

water from the alcohol. 

230. Ether is a colorless, transparent, fragrant, 
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and volatile liquid, very thin and mobile. Its spe- 
cific gravity is 0*720. It is very combustible, and 
bums with a white fiame, generating, like alcohol, 
carbonic acid and water. It boils at 96o. When 
dropped on the hand, it occasions a sharp sensation 
of cold from its rapid volatilization. It is miscible 
in alcohol in all proportions ; but ten parts of water 
are required to dissolve one part of ether. 

231. Ether resembles, in so many respects, the 
ordinary oxides of metals, that it is supposed to be 
the oodde of an organic compound^ possessing pro- 
perties similar to those of elements. This com- 
pound is called ethyle, and is represented by the 
formula C^ H^ and the symbol Ae. According to 
this view, alcohol is a chemical combination of the 
oxide of ethyle with water; and, as definite com- 
pounds of water with other bodies are called hy^ 
drates (from v^oip, hudor, water) so is alcohol a 
hydrate of the oxide of ethyU, 

2Z2, The fragrance of certain wines is due to the 
presence of an ether, the so-called oenanthic ether^ 
from olvoQ (oinos) wine. 

233. With reference to the use of wine, Liebig 
says, in his Familiar Letters : " As a restorative, or 
means of refreshment, where the powers of life are 
exhausted, of giving animation and energy where 
man has to struggle with days of sorrow, as a means 
of correction and compensation when misproportion 
occurs in nutrition, and .the organism is deranged 
in its operations, and as a means of protection 
against transient organic disturbances, wine is sur- 
passed by no product of nature or art. 
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234. *^ The nobler wines of the Bhine and many 
of those of Bordeaux, are distinguished above all 
others by producing a minimum of injurious after- 
effect. The quantity of wine consumed on the 
Bhine by persons of all ages, without perceptible 
injury to their mental and bodily health, is hardly 
credible. Gout and calculous disea9e are nowhere 
more rare. In no part of Germany do the apothe- 
caries' establishments bring so low a price as in the 
rich cities on the Bhine; for there wine is the uni- 
versal medicine for the healthy as well as the sick; 
it is considered as milk for the aged. 

235. " Alcohol stands high as a respiratory ma- 
terial. Its use enables us to dispense with the 
«tarch and sugar in our food, and is irreconcileable 
with that of fat. 

236. ''Since the establishment of Temperance 
Societies, it was thought fair in many English 
families to compensate, in money, those servants 
who took the pledge and no longer drank beer; but 
it was soon found that the monthly consumption of 
bread increased in a striking degree, so that the 
beer was twice paid for; once in money, and a 
second time in its equivalent of bread. 

237. *' On occasion of the meeting of the Peace 
Congress in Frankfort, the proprietor of the cele- 
brated Hotel de Bussie told me, with expressions 
of astonishment, that at his table at that time, a 
regular deficiency occurred in certain dishes, espe? 
cially farinaceous dishes, puddings, &c. ; an un- 
heard-of occurrence in a house in which the amount 
and proportion of the dishes, for. a given number of 
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persons, has been for years fixed and known. This 
dining-hall was filled with friends of peace, all of 
whom belonged to temperance unions, — some, no 
doubt, to vegetarian societies — and drank no wine. 
Herr Sarg observed that those who take no wine 
always eat more in proportion. In wine countries, 
therefore, the price of the wine is always included 
in that of the dinner, and it is considered just, that 
in hotels, people should pay for wine even when 
they drink none. 

'"O monstrous! but one half-penny worth of bread to this 
intolerable deal of sack!' — Shakspere." 

CYDER AND PERRY. 

238. A substitute for wine is found sometimes in 
the fermented juice of apples and pears. The fruit 
is shaken from the trees, and piled up in large casks 
placed in cellars. It is crushed about two months 
after it is gathered, and the pulp is left for ten or 
twelve hours soaking in the juice, in order to give 
to the cyder that rusty yellow color, so much es- 
teemed. The pulp is then pressed, and the juice 
allowed to run into large vats, in which it undergoes 
vinous fermentation. After the latter process has 
proceeded for a month, the liquor is put into smaller 
barrels, in which the fermentation goes on more 
slowly. In time, longer or shorter, according to 
the temperature of the cellar, the whole of the 
sugar is changed into alcohol, and an agreeable, 
though, to some persons (for reasons which have 
already been pointed out,) very unwholesome be- 
verage is obtained. 
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BEER, ALE, AMD PORTER. 

239. In the production of beer, the sugar is de- 
rived from the malt. Not that the barlej contains 
much sugar, but, by a singular process, the starch 
passes into sugar. The operation of malting is per- 
formed bj steeping the barley in water, until the 
grains become swollen and soft; and then piling it 
in a heap, to favor the elevation of temperature 
caused by absorption of oxygen. Afterwards it is 
spread upon the floor, and, from time to time, turned 
to prevent unequal heating. As soon as the sprout- 
ing of the seed has sufficiently proceeded, it is quickly 
dried in a kiln, to destroy its vitality. By this 
operation, the nature of the starch becomes altered; 
four times the amount of sugar, and three times the 
amount of gum, originally existing in the barley, 
are now to be found in the malt. This change haa 
been accomplished by means of a substance called 
by chemists diastase, brought into action by the 
germinating of the barley. The composition of this 
substance is unknown ; but that it partakes of the 
nature of albuminous substances, and contains ni- 
trogen, is certain. It is likewise certain that the 
starch, which is formed when the vegetative power 
of plants is most active, is dissolved, and made 
ready for use by this very diastase, which exists in 
all seeds and buds. 

240. K a little malt be infused in warm water, it 
will convert a very large amount of starch, first into 
fioluble starch, or dextrine, and subsequently into 
Augar. To prove this fact, it is sufficient to mix 
5ome gelatinous starch with a small quantity of malt« 
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infusion, exposing the whole to a gentle heat. In a 
few minutes it becomes thin, like water, and, after a 
few hours, will be found to contain glucose, and to 
be sweet to the taste. 

- 241. In the manufacture of beer, the malt, thus 
prepared, is ground and infused in the so-called 
mash'tun, in rather more than its bulk of water, at 
a temperature of 180°, and is exhausted by repeated 
washings with fresh portions of water. The easily 
soluble diastase has thus time to act upon the undis* 
solved starch of the grain, and to convert it into 
dextrine and sugar. The liquor, strained from the 
taalt-husksy is called toort This is boiled with 
hops, from which the so-called lupuUn (a bitter 
resinous principle), and an essential oil, are extracted. 
The hopei serve to doak the sweetness bj a pleasant 
bitter,* and to give to the malt liquor, more durable 
properties. When the wort has been sufficiently 
boiled, it is thrown into large, shallow coolers, in 
which it is cooled as quickly as possible ; it is then 
suffered to run into the fermenting vat, having been 
previously mixed with a small quantity of yeast, 
which instantly induces vinous fermentation. A 
great amount of froth is thrown up, arising from the 
escape of carbonic acid gas; the liquor loses much 
of its sweetness; from being turbid, it becomes 
clear, and acquires a new taste and intoxicating 
properties, from the formation of alcohol. The 

* The idea recently adyanced, that Messrs. Bass & Allsopp 
employ strychnine to communicate a Utter taste to their 
edebrated and wholesome ales, is too absurd to require 
refutation. 
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fermentation is stopped bj separating the jeast, and 
drawing off the beer into casks. 

242. Porter derires its color from highlj-dried, 
or charred malt, the burnt sugar of which, (caramel) 
communicates the color. It contains about 4^ per 
cent, of alcohd, while BurUm ale contains as much 
as 8^ per cent. Small beer contains but 1^ per 
cent, of alcohol, and is a very wholesome beverage 
for the joung. 

243. Yeasty to which such frequent allusion is 
made, is a substance which collects as a scum and 
sediment, during the fermentation of the wort, and 
is derived from the changes which the glutin and 
tiie albumin of the malt sustain^ bj contact with 
oxygen from the air. It increases in every brew 
to many times the volume of the yeast originally in- 
troduced into the liquid. It is composed of egg- 
diaped globules (mycoderma cerivisiae), about ^ of 
an indi in diameter. From its very origin, it must 
contain nitrogen, as only nitrogenized organic sub- 
stances are capable of acting as ferments. The 
most remarkable property of yeast, is, then, briefly 
its power of changing a solution of sugar into alco* 
hoi and carbonic acid. 

ARDENT SPIRITS. 

244. The chemistry of the manufacture of these 
is so similar to that of brewing, and, indeed, of the 
vinous fermentation in general, that little remains 
to be said. The distiller who prepares spirit from 
grain, uses a very large quantity of grain with the 
Inalt, the diastase of which converts the stardi of 
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the grain, first into dextrine, and then into glucose. 
The wort, or washy as it is called in the language of 
the trade, is brought to ferment as quickly as pos- 
sible, by considerable doses of yeast, and is then 
distilled. Whiskey is prepared from barley and 
oats. Highland whiskey and Irish poteen seem to 
derive their flavor from the malt being made and 
dried with peat, which gives out minute quantities 
of creasote and volatile oils. Mum is obtained from 
the fermented juice of the sugar-cane. It must, 
however, be remembered, that the sugar must first 
pass into glucose^ before fermentation can commence. 
Brandy, (a word derived from the German, signi- 
fying burnt wine) is made from wine, and colored 
with caramel, or burnt sugar. Gin, Hollands, and 
Schiedam, are distilled from barley, and flavored 
with juniper-berries, turpentine, and other sub- 
stances^ The two latter spirits derive their names 
from the places where they are chiefly prepared. 
In Bengal and China, spirits are made from rice, a 
grain containing a larger amount of starch than any 
other natural product. Arrack is a spirit of this 
kind, and is characterised by the excessive amount 
of alcohol which it contains. 

245. The amount of alcohol contained in gin, 
brandy, rum, and whiskey, varied from 40 to 50 per 
cent. The various flavors are due to essential oils, 
either generated by the act of fermentation, or pur- 
posely added. 

246« '* It is an exception from the rule, when a 
well-fed man becomes a spirit-drinker. On the 
other hand, when a laborer earns by his work less 
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than is required to provide the amount of food 
which is indispensable in order to restore fuUj his 
working power, he resorts to spirits. He must 
work; but in consequence of insufficient food, a 
certain portion of his working power is daily want- 
ing. Spirits, by their action on the nerves, enable 
him to make up the deficient power at the expetue 
of his bodi/, to consume to-day that quantity which 
ought naturally to have been employed a day later. 
He draws, so to speak, a bill on his health, which 
must be always renewed, because, for want of 
means, he cannot take it up ; he consumes his 
capital instead of his interest, and the result is, 
the inevitable ruin of his body." — Liehig*s Chetiu 
Letters, 

247. Vinous fermentation may be induced even 
in milk, and a spirit is prepared from it in some 
few places. There is every reason for believing 
that the lactin, or sugar of milk, first passes into 
glucose before the alcoholic fermentation com- 
mences. Certain it is that the lactin disappears 
in milk exposed to a sufficient temperature, with 
the same phenomena as characterise the fermenta- 
tion of the other sugars; viz. the disengagement 
of carbonic acid, and formation of alcohol. 

248. Ii) the case of milk becoming sour by ex- 
posure to the air at the ordinary temperature, its 
easein, by combining with oxygen, passes into a 
state of decomposition (forming a ferment), which 
induces the so-called lactic acid fbbmbntation. 
The acid which is found in the fermented juice of 
Ipeet-root, carrots, and turnips, in sour-krout, an4 
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in several animal liquids, is nearly pure lactic acid. 
It is formed in saccharine or starch-holding liquids, 
without the intervention of either alcohol or air; 
and when once begun, it will go on bj itself. Lactic 
acid, when pure, forms a colorless, Sjrrupj liquid, of 
sp. gr. 1*215. It possesses an acid taste, and is 
soluble in water, alcohol, and ether. It dissolves in 
cold milk without anj change until heat is applied, 
when coagulation ensues; and this explains a com- 
mon phenomenon in culinary experience, of appa- 
rently sweet milk coagulating at once when boiled. 
The difference of composition between lactin and 
lactic acid will be apparent by a study of their 
formulas: 

Lactin .... C^2|ji2oi2 
Lactic acid. . . C« H* (y+HO 
When lactic acid unites with oxides, lactates are 
produced. 

249. The state of decomposition in which the fer- 
ment exists, may induce either the lactic acid or the 
▼inous fermentation. Thus, the glutino-albuminous 
matter of malt, when suffered to putrify in water 
for a few days, acquires the power of converting 
ibe accompanying sugar into lactic acid ; while, in 
a more advanced state of decomposition, it converts 
the sugar into alcohol. And again, if wheaten flour 
be made into a paste with water, and left four or 
five days in a warm place, it becomes a lactic acid 
ferment ; if left two or three days longer, until it has 
become more putrid, it proves a vinous ferment, 

250. From ancient times it has been known that 
the juices of fruit, after becoming vinous from fer* 



PEBMEMTATION. 123 

xnentatioDy were subject to another change, bj 
which thej became sour to the taste. Under the 
name of vinegar this acid was in common use 
among the Egyptians long before the time of 
Moses. 

251. The process used to be called the acetous 
or AGETio Acm FERMENTATION, although, propcrlj 
speaking, it has nothing in common with the vinous 
fermentation ; for, whilst the presence of ox jgen 
(or of air) is absolutely essential to the formation of 
acetic acid, the vinous fermentation, when once 
ounmenced, is better carried on with exclusion 
of air. 

252. All liquids capable of vinous fermentation 
maj be made to produce vinegar. In all such 
liquors the sugar is first, bj fermentation, con- 
verted into alcohol, and afterwards, bj oxidation, 
into acetic acid. 

253. The nature of the formation of acetic add 
from alcohol is very intelligible, as the following 
diagram will prove: 

Alcohol C*H»0+HO 

Acetic acid (strongest) C* H» O" + HO 
It is obvious, therefore, that acetic acid is formed 
by the oxidation of alcohol; or, to speak accurately, 
acetic acid is produced fran alcohol by the substi- 
tution of 2 eqs. of oxygen for 2 eqs. of hydrogen. 

254. And yet pure alcohol will no more become 
acetic acid by simple exposure to air, than will a 
solution of pure sugar change into alcohol and 
carbonic acid. A ferment is necessary, which only 
acts by the power it possesses of causing the alcohol 
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to obtain oxygen from the air. In fermented li- 
quors, the alcohol being mixed with certain organic 
substances at a proper temperature, quickly dis- 
appears, and is replaced by acetic acid. In such 
cases the ferment absorbs oxygen from the air, and 
transfers it to the alcohol. 

255, The best vinegar is made from wine. In 
wine-countries inferior wines are employed for the 
purpose. The wine is mixed with a little vinegar, 
and exposed to the air in casks, partly filled with 
the pressed husks of grapes. From time to time 
the liquid is drawn off below, air supplies its place, 
the husks become warm by absorbing oxygen, which 
they yield to the alcohol when the liquid is again 
poured into the vessel. This process is repeated 
until the vinegar is made. Its strength may be in- 
definitely increased by the addition of more or less 
brandy to the wine. Free access of air, a tempera- 
ture not below 75°, and exposure of a large surface 
of liquid, are chief conditions in the formation of 
vinegar. 

256. It is also frequently manufactured by the 
so-called quick vinegar process. Casks, perforated 
to admit air, are filled with beechwood shavings, 
moistened with vinegar. A mixture of one part of 
spirits, five of water, and ^ part of yeast, or honey, 
is allowed to drop continuously through the casks : 
the temperature rises to 100°, and the whole of the 
spirit, by passing two or three times through the 
shavings (which offer a very extended surface to 
the action of the air), is, in 26 to 36 hours, con^ 
verted into vinegar. 
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257. The greater proportion of our English 
▼inegar is made from malt, somewhat in the fol- 
lowing manner: — Good malt is mashed, first with 
warm, then with hot water; the wort, mixed with 
yeast at a temperature of 75", soon begins to fer- 
ment. In about 36 hours the wash is racked oif 
into a cask set on end, which is sometimes provided 
with a false bottom pierced with holes, and placed 
about a foot above the true one. On this bottom 
a quantity of rape, or the refuse raisins, elderberries, 
&c., from the making of British wines, is laid. A 
further quantity of yeast having been added, the 
malt liquor becomes warm in the course of 24 
hours, and is then racked off into another similar 
cask. After some time this racking process is dis- 
continued, and the vinegar is allowed quietly to 
complete its formation, a proper temperature (from 
70** to 77°) being always kept up, by placing the cask 
in a warm situation. 

258. Vinegar is sometimes prepared from sugar, 
as well as from souring beer and cyder. The favor 
of the best kinds of vinegar is due to acetic ether* 
The vinegars from wine, beer, and malt contain, in 
addition to acetic ether, all the foreign matters per-, 
taining to these various liquids. 

259. But besides the oxidation of alcohol, there 
is another means of obtaining vinegar — viz., by the 
distillation of hard wood, as oak and beech, in iron 
cylinders. The flavor of wood-vinegar^ or fjyro- 
ligneous add, is peculiar, reminding one of tar and 
creasote. 

260. The taste of wine vinegar being so much 
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more agreeable than that of all others, it is a prac- 
tice to render the common liquids more palatable 
for domestic use, bj adding a little cream of tartar 
for the taste> burnt sugar for the color, and fine 
brandy, or acetic ether, for the aroma. To such 
additions, no rational objection can be made: but 
we protest against the adulterations of vinegar, 
which have been so ably exposed by The Lancet. 
The use of small quantities of sulphuric acid, which 
was sanctioned by the Excise, to counteract the ten- 
dency of common vinegars to become putrid, has 
led unj)rincipled dealers to employ large quantities, 
in order to produce that degree of acidity, which 
the acetic acid of vinegar should confer. A good 
vinegar, employed in small quantities, promotes the 
digestion of substances like salads, rich in albumin. 
A spurious vinegar, adulterated with sulphuric acid, 
injures the coats of the stomach. 

261. Vinegar, from whatever source derived, 
when freed from aU impurities, and from all extra- 
neous water, forms acetic acid. 

262. Pure hydrated acetic acid, or glacial acetic 
addy (C* H* 0*4- HO) is a clear, colorless liquid, 
very sour and pungent, miscible in all proportions 
with water, and of a sp. gr. of 1*063. It distils 
without change, and combines, with the various 
oxides or bases, forming salts called acetates, most 
of which are soluble in water, as well as in 
alcohol. 

263. Dilute acetic acid occurs more frequently in 
nature than any other organic acid. It exists in 
the sap of many plants, and in some liquids. It is 
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also formed in the decaj and putrefaction of various 
animal and vegetable substances. 

264. It has been thought desirable to devote a se- 
parate chapter to the consideration of the Chemistry 
of Fermentation, partly because of the great interest 
it possesses as a branch of household chemistry, and 
partly on account of the important position whidi 
the manufacture of fermented liquors occupies in all 
civilized communities. From the earliest times of 
which we possess records, the application of the prin- 
ciples of fermentation to the preparation of beverages 
of more or less intoxicating qualities, seems to have 
been generally understood. Like all other gifts of 
God to His creatures, that of wine, ** that maketh 
glad the heart of man," has been greatly abusedi 
nevertheless, though there are many philanthropists 
who would, on that account, entirely banish from 
society the use of all fermented liquors (with the 
exception, perhaps, of vinegar), it seems scarcely to 
admit of doubt, that when used in moderation, they 
add materially to the reasonable enjoyment of man- 
kind. At any rate, so long as they occupy the pro- 
minence among articles of consumption, which they 
unquestionably do at the present day, a few pages 
devoted to their consideration can scarcely be thought 
out of place in a work like the present. The consi- 
deration of the chemistry of fermented liquors, more- 
over, is a very natural introduction to that of the 
dinner-table, to which they form so general an adjunct^ 
and which will be the subject of the next chapter. 
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QUESTIONS ON CHAPTER IV. 

208. Has the composition of a substance anything to do 
with its stability ? What may be stated as a rule in chemis- 
try? What substances can ferment? What is the charac- 
teristic of fermentable organic substances? What three 
elements do they contain ? 

209. What are the most notable substances capable of fer- 
mentation? What does vinous fermentation mean? What 
change must starch and cane-sugar undergo before they 
ferment ? 

210. Is grape-sugar peculiar to the vine? What is a more 
correct term ? Whence is it derived ? 

211. Can a solution of pure grape-sugar ferment? What 
then is necessary? Does sugar contain the elements of 
alcohol and carbonic acid? Which are they? Does sugar 
contain alcohol and carbonic acid ? How much alcohol and 
carbonic acid could 100 parts of glucose produce? 

212. Do solutions of pure sugar exist in nature? What 
do they contain within themselves? 

213. What is a ferment ? What elements more especially 
does a ferment contain ? Is white of egg a ferment ? What 
constitutes it one ? What then is fermentation? From what 
Latin word derived ? 

214. What does grape-juice consist of? How is it that it 
ferments of itself? 

215. What are the conditions favorable to the cultivation 
of the grape ? How much wine is made annually in France ? 
Jn Germany ? 

216. What change does the grape-juice undergo in fer« 
mentation ? Is the air necessary to the process ? What use 
may be made of the gas escaping? What salts are pro- 
du^? 

217. What is the chemical name for cream of tartar? How 
18 it removed from good wine ? Why is wine sour in bad 
seasons? 
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218. What acid salts do home-made wines contain? Why 
unwholesome ? 

219. How does a dry wine differ from a sweet one? 

220. How are effervescing wines produced? What gas 
do they contain ? 

221. In what part of the grape does its color reside? Is 
this coloring matter soluble in water? In what mediom 
then ? How is red wine made ? 

222. How is the colour of dark sherry produced ? Axfi 
wines ever adulterated? How is strength given? Acidity 
corrected? Astringency produced ? Color conferred ? How 
is bouquet imparted ? 

223. Does the quantity of alcohol vary much in wines? 
Give some instances. 

224. To what does wine owe its intoxicating properties ? 
How is pure alcohol obtained ? What other name has it ? 
What are its properties? Is it inflammable ? When does it 
boU? 

225. What substance does the formula C* H*0+HO ex- 
press ? How is it produced ? 

226. Has absolute alcohol much attraction for water? Is 
dilute alcohol poisonous ? Can absolute alcohol kill ? 

227. Has. alcohol ever been frozen? Is it adapted to the 
<!onstruction of thermometers ? Why ? 

228. How much water does commercial spirit contain ? Is 
alcohol as great a solvent as water ? For what purposes is it 
employed ? • 

229. How is ether made ? How does it differ from alco- 
hol ? Can you give its formula ? 

230. What are the properties of ether? Its sp. gr.? Its 
boiling point ? Why is it productive of cold ? Is ether soluble 
in water? To what extent. Is not alcohol a greater solvent ? 

231. What compounds does ether so greatly resemble.? 
What is it in consequence supposed to be? What is the 
compound called? How is it represented .symbolically? 
What is a hydrate ? What is alcohol a hydrate of? 

232. What is the bouquet of wines due to ? Whence the 
term? 
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233. What is Liebig's opinion of wine as a restorative ? 

234. Is much wine used on the Ehine ? What diseases are 
almost unknown in consequence? Does the use of wine 
appear to do injury ? 

235. As an article of food, in what respect does alcohol 
stand high? 

236. Which class eat most, teetotallers or wine-drinkers ? 

237. On occasion of a peace-meeting at Frankfort, what 
Was the innkeeper's experience? 

238. What fruits are employed in making cyder and perry ? 
Describe the process ? How is the rustiness produced ? What 
becomes of the sugar of apples and pears ? Are cyder and 
perry wholesome ? Why not to all ? 

239. In the production of beer, whence is the sugar derived ? 
Describe the malting process ? What is diastase ? What is 
it composed of? Does it exist in seeds and roots ? What is 
the object of it? 

240. What is the effect of malt upon starch ? Give an 
illustration ? 

241. Describe the process of brewing? What does the 
brewer mean by the term wort ? What is Inpulin ? Whence 
derived ? How is the vinous fermentation induced ? What 
gives rise to the froth from beer? How is the fermentation 
stopped ? 

242. Whence does porter derive its color ? How much 
alcohol does it contain ? 

243. What is yeast ? From whence is it derived ? Does 
it increase in quantity ? Is yeast a vegetable ? What is the 
name of the plant? Does yeast contain nitrogen ? How do 
you know it? What is the most remarkable property of 
yeast? 

244. Does the manufacture of ardent spirits differ from 
that of beer. Describe the process ? What is wash ? How 
18 whiskey made ? From what source do highland whiskey 
and potteen obtain their flavor? What is rum? Whence 
does the name of brandy arise ? How is it made ? What 
sjurits are prepared from barley ? In what substance does 
tice abound ? What is arrack ? 

245. How much alcohol is there in the chief spirits ? 
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246. What effects have spirits upon the body ? 

247. May yIoous fermeotation be induced in milk ? 

248. What constituent of milk induces the so-called lactic 
add fermentation ? Mention some fermented roots in which 
lactic acid abounds? In what liquids may lactic acid be 
formed? Has the air anythinp^ to do with the process? 
What are the properties of lactic acid ? Does it coagulate 
cold milk ? What difference is there in the composition of 
lactin and lactic acid? What is the name of the salts of 
lactic acid ? 

249. Has the state of a ferment anything to do with the 
kind of fermentation ? Give examples. 

250. Has vinegar been long known ? 

251. Is it right to call the process a fermentation? Why 
not? 

252. What kind of liquids produce vinegar ? What change 
is accomplished ? 

253. Give some idea of the change which alcohol under- 
goes? 

254. Can pure alcohol ferment ? What is necessary ? 

255. How is the best vinegar made? 

256. Describe the quick-vinegar process? 

257. Whence do we in Ei^land obtain our supply of vine* 
gar? How? 

253. Do you know any other modes of making vinegar? 
To what is the flavor of wine-vinegar due ? 

259. Is there still another way? What is it called? 

260. What is the chief adulteration of vinegar? How 
may taste, color, and smell be improved ? 

261. Whatis pure vinegar called? 

262. What are the properties of pure acetic acid? What 
18 its sp. gr.? Does it alter by distiUation? What are 
acetates? 

263. Is dilute acetic acid of common occurrence in nature? 
State what you know. 

264. Is there any authority for using wine ? 
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265. Although water would be considered by 
some a very unsatisfactoiy accompaniment of the 
dinner-table, inasmuch as it is only second to air, 
and a positive essential in almost every purpose of 
domestic economy, it becomes necessary still further 
to consider some of its numerous qualifications. 

266. Previous chapters have sufficiently explained 
the fact, that water never occurs in nature in a state 
of perfect purity, and this for the most obvious rea- 
sons. It is nature's great solvent. The rain as it 
falls, removes certain impurities from the air, and 
carries with it more especially those gases (such as 
ammonia and carbonic acid), which minister most 
to the wants of plants. For cooking and washing, 
it is impossible to have too soft a water ; rain, with 
some qualification, is therefore, eminently adapted 
to both purposes. The mechanical impurities of 
rain are easily removed by filtration; animal and 
vegetable matter rendered harmless by boiling. 
With the exception only of great towns, where it is 
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usually very impure, boiled and filtered rain water 
answer every culinary purpose. 

267. Clear water, although colorless in small 
quantities, is blue like the air when seen in mass. 
Clearness does not, however, prove the purity of 
the water; and it should be remembered that ordi- 
nary filtration can never remove dissolved impuri- 
ties. Thus we should not rest contented with the 
water supplied to us by many companies, especially 
in London, and imagine, because we filter it, that it 
is therefore good and wholesome. Nor should we 
think, because a water wells up in outward purity, 
and is not conveyed through pipes, that it must 
therefore be good. On the contrary, every chemist 
gives it as his experience, that scarcely any well- 
water in a large town is fit to drink. 

268. The qualifications of a good drinking water 
are peculiar: nature teaches us what these should 
be. Kwe examine carefully into the water con- 
tained in young vegetables, we shall find, that only 
a soft water, containing but small amounts of com- 
mon salt, and salts of lime, potash, and magnesia, 
enter into their constitution: it is only when they 
become old, that the deposit in them of these salts 
(which correspond to the skeleton of the human and 
animal frame), increases. Again, if we examine 
carefully into such waters as are drunk readily by 
cattle, we find, that where they can choose for them- 
selves, they will select that water, which, being 
otherwise clear, is soft, and but slightly curdles 
soap. For what is the object of the water we drink ? 
Mainly to supply the drainage of the body. We 
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should cook our food with especial reference to its 
digestibility; or, in other words, its solubility. Now 
soft water is a much better solvent than hard water. 
For moistening our food, therefore, a soft water is 
preferable. As we eat more especially to supply 
the waste in our bodies, and when young, to increase 
their bulk ; so we drink mainly to remove impuri- 
ties from the blood. If we drink a very hard water, 
it not only lies heavily on the stomach, but has to 
be freed from some of the salts of lime, by distilla- 
tion through the capillaries, before the blood can 
receive it: and then, from the quantity still con- 
tained, it ceases to be the great purifier which it is 
intended to be. 

269. Water, to be good for drinking, should 
possess the following qualities: — ^Bright and clear 
as crystal, when poured into a tumbler, it should 
sparkle with the gases rising through. Both oxygen 
and carbonic acid gas, which communicate to water 
its refreshing and thirst-quenching properties, should 
be present, and for this reason, water should neither 
stand long in a warm room, nor in sun-light, nor be 
drawn long before it is wanted. It should possess 
no decided taste. Good water should but very 
slightly curdle soap, and should quickly form a 
lather with it. If a water can be obtained which 
cattle drink of readily, no hesitation need be felt 
about its quality. 

270. With regard to the use of mineral waters, 
these are so variable in composition, that no general 
rule can be laid down. If a person is suffering 
from any disease in which there is a tendency to 
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deposit solid inorganic matters in any part of the 
body, such soft waters as those of Buxton and Mal- 
vern are to the purpose. If the body is broken 
down by excesses of any kind, the liberal employ- 
ment of soft water, externally and internally, under 
proper medical superintendence, is recommended. 

271. In health, only such mineral waters should 
be taken freely as abound in carbonic acid. Carrara 
water, and all kinds of soda-waters made with hard 
water, are to be condemned. 

272. In disease, the mineral water employed, 
should abound in some one medicinal feature. Mi- 
neral waters are called saline^ when common salt 
abounds: magnesian, when salts of magnesia give 
them their characteristic taste and properties; chaly^ 
beate, when carbonate of iron abounds ; fpepatic or 
sulphurotiSf when sulphuretted hydrogen is given off 
in appreciable quantity. 

273. Any person with a tendency to become 
stout, should restrict himself in the use of water, 
beer, and, unless his system has been impaired, of 
all intoxicating liquors. The moderate use of wines, 
or malt liquor, at dinner, is only to be discouraged 
among the young, and the naturally intemperate. 
It must be an exceptional case when the digestive 
organs of a growing person require a stimulus, and 
none such should indulge in even small quantities 
of fermented liquors, except under medical advice. 
The use of weak table beer forms the only excep- 
tion from this rule. 

274. It is impossible to specify the exact circum- 
stances, under which it may be beneficial to take a 
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inoderate allowance of alcoholic stimulus, for the 
purpose of promoting either mental or bodily vigor. 
The Bible, in recommending wine as a gift of God, 
proves its capability of being put to legitimate uses. 
These uses are clearly legitimate, only so far as that 
they minister to health, energy, and virtue. Alco- 
hol acts directly on the lining of the stomach, and 
its habitual employment, in excess^ keeps this mem- 
brane in a state of irritation, amounting almost to 
inflammation: it destroys digestion and appetite, 
produces foetid breath, and incapacitates the drinker 
for mental exertion, induces sloth, a deadening of 
the moral faculties, premature disease, and death. 

275. Of the quantity of water contained in vege- 
tables, fruits, and meat, few are well-informed; and, 
as it would be impossible to speak of the nutritive 
value of the various kinds of food, without taking 
into account the water they contain, the subjoined 
Table has been drawn up, to show the proportion 
contained in the fruits, vegetables, &c., most in 
use : — 

Per cent, of Water. 
Common mushrooms contain . . 96*00 

Cabbages 92-00 

Green-top turnips 90*00 

Carrots 87-60 

Beet-roots \ 

Champignons t 87-00 

Milk j 

Kohlrabi 86-00 

White Swede turnips .... 85-CO 
Pears 83S0 
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Percent of Water. 

Currants contain 81*30 

Peaches 8020 

Parsnips 72*40 

Artichokes 7920 

Flesh from 76*0 to 79*00 

Potatoes "i ^ 

Yams } • • 75-00 

Cherries 74*90 

Apricots 74*40 

Greengages 71*00 

Sweet potatoes 59*00 

Kidney-beans 2300 

Haricots 16*00 

Beans 14*50 

Peas J300 

Rice 12*50 

Lentils 1200 

Wheaten-flour 1000 

Indian Corn or Maize .... 6 00 

276. It will be noticed from the above, that flesh 
(corresponding in composition to the flesh of our 
bodies), contains 79 per cent, of water; and the 
quantity of water or beer drunk at the dinner'tablej 
should correspond as nearly as possible with this 
proportion. If our food be dry, the water drunk 
should be in quantity sufficient to bring the total 
amount up to 79 per cent.; if, on the contrary, 
water abound in our diet, then but little need be 
imbibed. We observe also, that the proportion of 
water in our kitchen vegetables, bears some relation 
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to the quantity contained in flesh; and that their 
value varies accordingly. 

277. The greater part of our vegetables are either 
indigenous, or foreign : of the former, many of the 
present grow wild, such as asparagus; but, by con- 
tinued cultivation, through a long series of years, 
they have produced numerous varieties. Of foreign 
vegetables, many have originally come from southern 
climates, chiefly from Italy; and the number of them 
has increased prodigiously in the course of the last 
two centuries. The kitchen gardens of England 
were, until about the end of the sixteenth century, 
as scantily supplied with vegetables, as the pleasure 
grounds were with shrubs and flowers. "It was 
not," says Hume, **till the end of the reign of 
Henry YIII., that any salads, artichokes, carrots, 
turnips, or other edible roots, were produced in 
England." The little of these vegetables that was 
used, was imported from Holland and Flanders, and 
Queen Catherine, when she wanted a salad, was 
obliged to despatch a messenger thither on purpose. 
The most important vegetable of the present day, 
the potato, was brought to England in 1586, by Sir 
Walter Raleigh ; but its culture for the next cen- 
tury, must have been but partial, as the market 
price was then Is. per lb. Broccoli and cauliflower 
were introduced from the Levant into Italy, about 
the end of the sixteenth century; and at the close of 
the seventeenth into England. The turnip was in 
cultivation in the sixteenth century; and it is stated, 
that when, in the years 1629 and 1630, there was a 
dearth in England, very good white bread was made 



THB DINXER-TABLB. 139 

of boiled taniips, kneaded up with an equal quanti^ 
of wheaten flour. 

278. Among the kitchen vegetables, of which 
uncertain traces are to be found in the works of the 
ancients, is Spinage, Its native country is unknown. 
The name Spinargium or Spinachium^ first occurs 
in the year 13ol, among the lists of food used by 
the monks on fast-days. — Beckmann. 

279. The fruits used by our ancestors were 
neither numerous nor good. Gk)oseberries, straw- 
berries and currants, indifferently good apples and 
pears, and decidedly bad plums and cherries, were 
about all. It should be remembered, that we owe 
many of our most familiar fruits to other countries, 
of some of which we have an intimation in their 
names. 

280. Cherries were obtained from Cerosuntis, a 
city of Pontus, in Asia Minor. LucuUus, after the 
war with Mithridates, introduced them from Pontus 
into Italy; they were so pleasing as to be rapidly 
cultivated; and Pliny testifies that, twenty-six years 
afterwards, the cherry-tree passed over into Britain. 
The whole race of this tree was afterwards lost, and 
is said to have been restored by the gardener of 
Henry VIII., who brought it from Flanders. These 
facts may often be called to mind, for the cherry 
(Prunus cerasus, as botanists call it), is now one of 
our native trees, very common in woods; the wild 
fruit being well flavored, though there is but little 
pulp on the stone. 

281. Another of our native wild trees is the 
plumy which has been so much improved by culti* 
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ration. There may be a doubt, indeed, whether 
the sloe is not the original stock, whence have been 
derived not only the several varieties of the plum, 
but even the peach, nectarine, and apricot. The 
damson, or damascene, was brought from Da- 
mascus. 

282. The strawberry derives its name from the 
practice common to gardeners of laying straw under 
the plants as they come to maturity, to prevent the 
ripe berries from being soiled by the garden mould. 

283. Black and red currants are natives of Britain ; 
as are also gooseberries. Cold as some of the coun- 
tries of Northern Europe are, large and beautiful 
berries may often be obtained. Even in the barren 
districts of Finland, and on the tops of Alpine 
mountains, where rocks appeared to be the only 
surface, cherries and gooseberries, with ruddy tints, 
have been met with. A traveller in Kamschatka 
found himself in a large forest, many of the trees 
being finely-grown, and amongst the underwood he 
perceived some bushes of large red berries, which, 
to his great astonishment, he discovered to be red 
currants, of a very large size and high flavor, but 
possessing a much more acid taste than those of our 
gardens. 

284. With the vine mankind has, since the flood, 
been familiar. Ripe grapes are among the most 
palatable, wholesome, and nutritious of all fruits. 
The weight of grapes which every vine can pro- 
perly produce is proportioned to the thickness of 
•the stem immediately above ground. At Hampton 
-Court there is a vine which yields about fourteen 
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hundred weight of very fine grapes. The grapes 
produced in Palestine are very large. The famous 
bunch of Eshcol, which required to be borne bj 
two men, greatly surprised and pleased the Israelites* 
when they first beheld, in a barren and sandy desert^ 
the fruits of the long-promised land they were to 
occupy. Even now, in the present neglected state 
of the country, some are still found to weigh twelve 
pounds. 

28o. The pear grows wild in our woods and 
copses, but it there yields fruit of a very inferior 
description, and very unlike the juicy produce of 
the orchard. From a deficiency of acid, this fruit 
is less wholesome for delicate stomachs than the 
apple; but to those of robust health it is both nutri- 
tious and excellent. 

286. The apple-tree too is a native of Britain, 
being far from uncommon in woods and hedges, 
though the wild apples, or crabs, are small, dry, 
sour, and unpalatable, and would not be much im-^ 
proved by culture. By sowing and re-sowing the 
seed, and crossing and re-crossing the sorts thenoe 
produced, the thousand known varieties of apples 
are procured. The apple is both wholesome and 
nutritious. Heat, when applied in roasting, baking* 
or boiling, tends to break down the interstices of 
the cells of the apple, to difiuse the acid and the 
sugar more uniformly through the mass, to dissi- 
pate water, and to render the whole more easy of 
digestion. 

287. Starch is a most important ingredient both 
of all vegetables, of unripe fruit, of the crust of pie 
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and pudding, and of bread ; it is also known to 
chemists under the various names of atnylwti.Jeeula, 
amiline, amidine. It is contained in the cells of 
vegetables, in the form of small vbite granules, 
which have no crystalline structure. These globules 
vary much in size and form, so much so indeed, 
that in the different species of vegetables they may 
be distinguished by a practised eye. A character, 
however, which is com- 
mon to the majority of 
feevi^ (for thus are the 
granules technically 
distiDguiehed), is a 

ronndness of contour, "^^^ iimv K'^^tty 
when their particles ^^^ ci^m v^fe™ 
have not been com- 
pressed by their con- 
tact in contiguous cells. f^. is. 
Microscopical as well as chemical researches show 
that starch is homogeneous (from o^ioc, homos, like, 
and yifOQ, genoB, kind) in properties as in composi- 
tion; and that its globules are composed of concen- 
tric layers, the external layers of which have exactly 
the same character as the internal. At page 92, 
among other properties of starch, its atomic consti- 
tution has been already noticed. In its greatest 
state of purity it may be said to consist of — 

Carbon 449 

Hydrogen 63 

Oxygen 488 

WOO 
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Starch does not part easily from water, bat re- 
judns it with considerable force; the quantity vary- 
ing with the temperature at which the drying is 
accomplished. Thus, the starch of potatoes, which 
is moist and porous, even when subject to strong 
pressure, still retains 45 per cent, of water. That 
of the shops contains 18 per cent. 

288. Plants vary very much, as to the quantity 
of starch contained in them, their bulbs and their 
seed. Thus we find in— 

* Per cent, of Starch. 

Rice flour 85 

Maize 71 

Wheat flour . . . from 40 to 78 
Barley .... from 40 to 50 

Peas 47 

Haricots 41 

Lentils 40 

Potatoes .... from 12 to 23 
Parsnips 6 

289. It is easy to understand why potatoes and 
rice should increase in bulk when boiled, when we 
reflect that the starch granules, in boiling, swell to 
about thirty times their original size. 

290. Several varieties of starch are employed for 
making puddings, and other light dishes. In the 
Moluccas and Philippine Islands, grows a descrip- 
tion of palm which yields a form of starch. When 
the pith of this palm is washed with water upon a 
fine sieve, a white powder is deposited by the milky 
liquid which passes through. This powder, when 
collected, forced through a metal sieve to granulate 
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or corn it, and dried by agitation over a fire, forms 
the genuine sago of commerce. 

291. Abeow-root, which derives its name from 
the root of the Maranta arundinacea, owing to its 
supposed efficacy in counteracting the effects of 
wounds caused by poisoned arrows, is extracted, by 
a mechanical process, from the roots, when about 
ten or twelve months old. In Bermuda, the roots 
are first deprived of their paper-like scales, and 
then ground by a kind of wheel-rasp. The pulp is 
thrown into clean water, and stirred about to sepa- 
rate the fibrous parts, which are collected in the 
hand. The milky liquor which remains is poured 
through a sieve, and afterwards allowed to settle for 
some time. The arrow-root sinks to the bottom, 
and when the water is poured off, the white pasty 
mass that remains is placed on clean white cloths to 
dry in the sun. It is then fit for use. When pure, 
it has a dull and opaque-white color, and crackles 
when pressed between the fingers. The process 
varies in Jamaica and at St. Vincent, but not ma- 
terially. There are various kinds of spurious arrow- 
root in the market; many of the so-called "genuine" 
kinds are made from, or largely adulterated with, 
potato, and, although not unwholesome, are not 
nearly so nutritious as real arrow -root. 

292. The Manihot utilissima^ which is found in 
South America, has very large roots, rich in starch, 
from which tapxoca and cassava are obtained. 
Tapioca differs from cassava only in being a purer 
kind of starch: the latter, however, is the more nu- 
tritious, because it contains a larger proportion of 
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nitrogenized constituents. Among the Indians, the 
cassava supplies the place of bread. The roots are 
scraped on a sort of rasp, formed of small fragments 
of flint stuck into a plank; the pulp is put to drain 
in a long strainer made of the entire bark of a spe- 
cies of hg; the juice having drained away, water is 
added to finish the washing; the liquid comes out 
nearly clear, and without bringing away any per- 
ceptible quantity of starch. To form the pulp into 
cakes of cassava, it is spread out on an earthen dish 
placed over the fire; the process being complete 
when the cassava is dry and slighly toasted on the 
outside. Cassava bread is not very palatable, but 
is frequently an indispensable article of provision 
with the South American traveller. 

293. Arrow -root, sago, tapioca, and cassava, all 
contain albumin, in addition to starch, which, al- 
though in amount it never rises above 3^ per cent* 
is highly important. It has already been described 
at pp. 99 and 100. Starch, important as it is, would 
be a very unprofitable kind of food, were it not 
always associated with albumin, or a similar nitro- 
genized substance, which subserves the same pur- 
pose. 

294. By the process of boiling, the starch-gran- 
ules become simply, though greatly, expanded ; 
arrow-root, for instance, in boiling water, quickly 
loses its whiteness and opacity, becomes transparent, 
and the whole of the water seems converted into a 
thick jelly-like mass. 

295. In the baking of a sago or tapioca pudding, 
there is no doubt that a portion of the starch also 

L 
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becomes converted into dextrin, as in the case of 
bread-baking. This substance, when pure, has the 
same specific gravity as starch, viz., 1*51. It has 
also the same composition, for we find in 100 parts 
of dextrin : — 

Carbon 44-3 

Hydrogen . . - . . 60 
Oxygen - 49*7 



100 
Its formula is therefore C^* ff ° 0'°. Owing to its 
solubility in water, dextrin is used in the arts as a 
substitute for gum; and it is this very solubility 
which renders cooked food, containing originally 
much starch, more digestible, as well as more pala- 
table. 

296. The use of milk, instead of water, in provi- 
sions where starch abounds, tends to render them 
more nutritious as well as more tasty ;» and is there- 
fore to be commended. 

297. Some vegetables — as, for instance, turnips 
and carrots — contain no starch, but a principle not 
unlike it. It is well known, that the juice of all 
fruits contains a gelatinous substance, to which 
many of them owe the property of forming jellies. 
This matter may be obtained by means of alcohol. 
If, into a quantity of currant-juice lately expressed, 
a portion of alcohol be poured, a gelatinous precipi- 
tate is formed after a certain time; this jelly, sub- 
jected to increasing pressure, and washed with dilute 
alcohol, gives the gelatinous principle in a pure 
state : this is pectin. Outwardly, it resembles 
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isinglMS. Thrown into about one hundred times its 
weight of water, it swells considerably, and at length 
dissolves completely, giving rise to a stiff jelly. Pure 
pectin is tasteless, and does not affect the color of 
litmus. Potash or soda does not change it obviously; 
nevertheless, it is singularly modified under their 
influence, being changed into a peculiar body, hav-« 
ing acid properties. Pectic acid has been found 
in every plant in which it has been sought for. It 
is contained in apples, pears, plums, cucumbers, &c.; 
in turnips and carrots, pectic acid amounts respec- 
tively to 2 and 5 per cent. 

The composition of pectin and pectic acid is as 

follows : — 

Pectin. Pectic Acid. 

Carbon .... 429 428 

Hydrogen ... 5*1 5*2 

Oxygen .... 520 520 



1000 1000 

From this it will be seen that the elementary 
composition of both is identical. 

298. SuGAB, too, is to be found in almost every 
part of vegetables. It is less abundant, however, in 
seeds, than in any other part. On account of its 
solubility in water, vegetables containing much of 
it, such as potatoes, turnips and carrots, should be 
steamed rather than boiled. Both cane-sugar and 
grape-sugar have been met with mixed in vegetables. 
It has been already pointed out how starch and cane- 
sugar may be converted into grape-sugar or glucose, 
but the inverse has not, as ydt, been accomplished. 
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At no distant period, we may hope to see factories 
established in England for the preparation from 
potato-starch, of a cane-sugar which shall rival the 
best produce of the West Indies. 

299. To the same class of ternary compounds, 
found in vegetables — that is to say, of such as con- 
sist of the three elements, carbon, hydrogen, and 
oxygen, to which starch, sugar, pectin, pectic acid, 
gum, and oil, belong — must be added woody fibre 
and CELLULAR TISSUE. Woody fibre consists, in 
fact, of two substances: one, the cellular substance 
constituting the tissue of wood, and of all the organs 
of plants; the other, the woody substance properly 
so called, filling, and in some sort consolidating, the 
cells. Cellular tissue is identical in composition 
with starch. Thus: — 

Cellular Tissue of 



Carbon . . 


idTABCH. 

. 44-9 


Apple. 
44-7 


Mushroom. 
44-5 


Hydrogen 
Oxygen . . 


. 6-3 

. 48-8 


61 
49-2 


6-7 
48-8 



1000 1000 1000 

Now, the composition of woody fibre differs con- 
siderably from that of cellular tissue; it is richer in 
carbon. The elementary composition is: 

Carbon 53-8 

Hydrogen ........ 60 

Oxygen 40*2 

100 
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In the general acceptation of the term, the name 
of toood is applied to the solid part of the trunk and 
branches. It is heavier than water, and if it floats 
in this fluid, it is only because of the air with which 
its pores are filled. The composition of woody 
matter may be represented by carbon and the ele- 
ments of water; of carbon the mean may be stated 
as 52, of hydrogen and oxygen, in the proportions 
which form water, at 48. The stringy substance in 
the stalks of cabbages, of old turnips, in kidney- 
beans, &c., contains it. It need scarcely be said 
that the production of insoluble, indigestible woody 
fibre, does not add to the value of an esculent, but 
rather detracts from it ; besides the actual discom- 
fort in eating a tough vegetable, its nutritive value 
is greatly reduced by old age, 

300. We now understand better than formerly, 
the changes which the cells of vegetables experience 
as they grow, and become old. It is by the appear- 
ance of the encrusting woody matter, that their thin 
transparent, and, at first, colorless walls, thicken, 
become opaque, and acquire strength. 

301. In the series of bodies, just considered, one 
only possesses the property of crystallizing, viz., 
sugar. But among ternary compounds met with in 
vegetables, and more especially in fruits, must be 
classed certain acidSj most of which assume regular 
crystalline forms. Vegetable acids present all the 
general characters of mineral acids. Thus — they 
redden blue litmus, paper, and form salts with me- 
tallic oxides, some of which, especially those of 
potash^ soda, and ammonia, are. soluble in water. 
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These acids, whether free or ancombined, are verj 
frequently met with in fmit, sometimea in the 
leaves; more rarely in seeds and roots ; but in com- 
bination with bases (oxides), they are met with in 
almost all parts of plants. They are very nume- 
rous; nevertheleBB, only a few of the most exten- 
sively distributed of these acids require description. 
302, Oxalic acid exists in a free state in the 
hairs of the chickpea: but it is met with more com- 
monly in combination with potash and lime. The 
binoxalate of potath, a compound of two eqs. of 
oxalic acid with one of potash, is sometimes called 
salt of sorrel, from its occurrence in that plant. It 
is also found, associated with malic acid, in the 
wood sorrel (oxalis acetosella), and in garden rhu- 
barb ; hence their sour taste. 

Oxalic add separates from a hot 

^^^ watery solution, in colorless, trans- 

H| parent, oblique rhombic crystals, re- 

HH sembling Epsom gaits. It tastes 

ly i strongly acid, and is a deadly poison. 

Y^'~^ (The proper antidote is chalk or mag- 

^■1^ nesia, with either of which it forms 

Fig.ik an insolnbla compound). When 

heated in anlphuric acid, it is entirely decomposed 

into water, carbonic acid, and carbonic oxide. The 

bydrated oxalic acid may indeed be said to consist 

■of— 

1 eq. of water HO 

1 eq. of carbonic acid . . . CO* 

1 eq. of carbonic oxide . . . CO 

The formula of the hydrate is C C + HO; its 
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symbol* is O. Its combinations are called oxa- 
laies, 

303. Tartaric acid is always found naturally in 
combination with potash or lime. The grape, the 
tamarind, and the pine-apple, contain bi-tartrate of 
potash. It is also present, along with other acids, 
in the mulberry. 

When new wine is set aside in casks, it gradually 
deposits a hard crust of tartar. This substance, 
when purified, constitutes the cream of tartar of the 
shops, which crystallizes in the same form as oxalic 
acid. It is soluble in 60 parts of cold water, but 
not in alcohol ; hence, as the latter forms in wine, 
bi-tartrate of potash separates. 

The tartaric acid of commerce is wholly prepared 
from this acid salt ; its principal employment being 
in certain processes of the calico-printers. The 
pure acid forms colorless, transparent crystals of 
large size, which possess an agreeable acid taste. It 
dissolves readily in water, and causes a violent effer- 
vescence when mixed with a solution of carbonate 
of potash, or of soda; hence, it is extensively used 
in artificial effervescing draughts. The formula of 
crystallized^ tartaric acid is C^ H* 0^°+2 HO; its 
symbol is T. Tartrates are salts of tartaric acid. 

304. Citric acid gives sourness to the lemon, 
lime, orange, cranberry, and the red whortle-berry. 
Mixed with much malic acid, it is found in currants, 
cherries, gooseberries, raspberries, strawbernes, and 
the common whortleberry. It forms transparent, 

* The horizontal line placed over the initial letter, indicates 
an organic acid. 
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colorless crystals, possessed of an agreeable acid 
taste ; effervesces like tartaric acid with carbonate 
of soda, and like it, being without injurious action 
upon the system, is much employed for effervescing 
draughts. The formula of citric acid is C^^ H^ O" 
+ 3 HO ; its symbol is C. The citron has lent its 
name to the acid. 

In combination with lime, citric acid exists in the 
tubers, and with potash in the roots of the Jerusalem 
artichoke. Such combinations are called citrates, 

305. Malic acid is the acid of apples and pears; 
and along with citric acid, it occurs in many fruits. 
It is found abundantly in unripe apples, hence its 
name, from prunus maliLs, the botanical name of the 
apple tree. Malic acid is, moreover, the chief cause 
of the sour taste of the plum, the sloe, the elder- 
berry, the barberry, the fruit of the mountain ash, 
and rhubarb. 

Malic acid is a crystalline solid, very soluble in 
water. It has an agreeable sour taste ; becomes 
mouldy, and spoils by keeping. The formula of 
malic acid is C« H* 0«+2 HO; its symbol is M. Th^ 
salts are called malates. 

306. Valuable as are these binary and ternary 
compounds as articles of food, they cease to be so 
when unassociated with nitrogenized substances. Na- 
ture points this out most distinctly. In milk, which 
is the most perfect form of animal food, we have the 
various constituents according to their greater or 
less importance. The binary compound, water, 
amounting to no less than 87 per cent., holds in so- 
lution about 8 per cent, of such ternary compounds 
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as butter and sugar, and above 4 per cent, of the 
quaternary compound, casein. Every variety of 
fiouT contains albumin and glutin, in addition to 
starch. Thus we perceive the importance of qua- 
ternary compounds in the different vegetables and 
other kinds of food: how necessary, therefore, to 
understand their nature and properties. 

307. Vegetable albumin and glutin are not 
the only nitrogenized constituents of vegetable food. 

308. Glutin itself is a mixture of several nitro- 
genized substances, but more especially of gliadin 
and FIBRIN. This vegetable fibrin consists of unad- 
hesive separate filaments, and whether derived from 
wheat, barley, or oats, has exactly the same compo- 
sition as albumin. 

309. Still more carefully examined, wheaten- 
fiour is found to contain another quaternary com- 
pound, CASEIN, so called from the resemblance it 
bears to the casein of milk. 

310. To these must be added legumin, which 
abounds in many seeds used as vegetables, espe- 
cially in such as are included in the natural family, 
leguminosce, to which peas and beans belong. By 
many chemists it is considered analogous with 
casein. Legumin is very soluble in cold water, and 
has a lustrous white appearance. On boiling a so- 
lution of it in water, it coagulates and falls in fiakes 
like white of egg. The solidity of almonds, hazel- 
nuts, of the kernels of stone-fruit, of peas, lentils, 
and beans, is due to its presence. 

311. Analysis indicates a very great similarity 
in composition between legumin and the four other 
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quaternary compounds separable from wheat-flour. 
The following shows the composition of them : — 

Carbon. Hydrogen. Nitrogen. Oxygen. 



Legumin • 


. 50-5 


6*9 


18-2 


24-4 


Fibrin . . 


. 53-2 


7-0 


16-4 


23-4 


Albumin . 


. 53-7 


71 


15-7 


20-5 


Casein . - 


. 53-5 


71 


160 


23-4 


Glutin . . 


. 53-3 


7-2 


159 


23-6 



312. These nitrogenized substances, differing 
but little from one another, are those which are 
now recognised as distributed through the whole 
body of every vegetable. Now, as the value of 
esculents must in some measure depend upon the 
presence of one or more of these compounds, similar 
information is subjoined on this head to what has 
been already given with reference to the quantity 
of water and starch found in them. The per-centage 
value of grains, seeds, roots, and vegetables, as re- 
gards the quantity of nitrogenized or nutritive con- 
stituents, is as follows ; — 

Nutritiye constituents. 

Wheaten Flour contains from 12 to 35 per cent. 

Dried Peas contain .... 29 



Kidney Beans 

Green Peas 

Lentils 

Haricots 

Maize 

Rice 

Yams 

Mushrooms 

Swede turnips 



)) 



» 



>» 



» 



» 



» 



>» 



yf 



» 



from 24 to 28 

. 24 

. 22 

. 22 

. 12 

. 7 

. 3 

. 2-9 

. 2-8 



99 



n 



Ji 



99 



99 



99 



99 



99 



99 
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Natritiye cooBtitaents. 


Sweet potatoes 


contain • , 




2-6 „ 


Cabbages 


>j 




2-5 

i 




Parsnips 


99 




21 

1 




Beetroots 


» • 




2 , 




Potatoes 


99 • • 




2 J 




Kohlrabi 


»> . . < 




1-5 , 




Turnips 


M • • ' 




1-5 , 




Carrots 


» • • 




1-5 , 





813. All quaternary compounds contain further 
above one per cent, of sulphur and phosphorus, with 
the exception only of casein, which contains no phos- 
phorus. The composition of animal albumin has 
already been given at p. 99. Vegetable albumin 
contains the same elements in the same proportions. 

314. Sulphur is an element of great importance; 
it exists in many oils, and very largely in oil of 
onions and garlic. It will be remembered also as a 
constituent of oil of eggs; likewise of mustard and 
cress. Sicily furnishes a large proportion of it for 
European consumption. When pure, it is a pale yel- 
low, brittle solid. Its specific gravity is 1 '98. 
Sometimes it is found beautifully crystal- 
lized in form of acute octahedrons. (Fig. 
20). It melts when heated, and sublimes'*' 
unaltered, if air be excluded. Sulphur or 
brimstone is largely used in the manu- 
facture of sulphuric acid (oil of vitriol) 
and of lucifer-matches. In its chemical Fig. 20. 
relations, it bears great resemblance to oxygen, and 

* Sublimation is a species of distillation, but the product 
of eyaporation is always solid. 
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forms sulphides corresponding in composition with 
oxides. Its combining proportion is 16 : its sym- 
bol S. , 

3 1 5. The PHOSPHORUS of albumin is obtained by 
plants from the soil. Not that it is ever contained 
in the ground in an uncombined form, but in che- 
mical combination with oxygen and lime, as phos- 
phate of lime or bone-earth. This phosphate passes 
into the organism of plants, and ultimately into the 
bodies of human beings or animals, to which these 
latter serve for food. By a chemical decomposi- 
tion, the nature of which it is not easy to explain, 
the more highly organized parts of plants extract 
their phosphorus. This element is always obtained 
from burnt bones. When pure, phosphorus yery 
much resembles wax, and is soft and flexible. 
Its specific gravity is 1*77. It melts at the low 
temperature of 108°, and boils at 550°. Its equi- 
valent is 16: symbol P. It is not soluble in 
water, and is usually kept immersed in that liquid, 
on account of its easy inflammability. It some- 
times takes Are by the heat of the hand, and 
demands great care in its management; a blow 
or hard rub will kindle it. A stick of phosphorus 
held in the air always appears to emit a whitish 
smoke, which in the dark is luminous. To this 
property it owes its name, 0w(r0(5poc, phosphoros* 
(from (^wQ^ phos, light, and ^cpciv, pherein, to carry). 
The luminous appearance of the sea at night, when 
disturbed by a ship moving through it, is owing to 

* The consumption of phosphorus for the apparently tri- 
fling article of lucifer-matches is something prodigious. 
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the presence of myriads of small marine animals, 
of various kinds, which possess the power of emit- 
ting the peculiar light, called, from its supposed 
origin, phosphorescent. The light of the glow- 
worm, the lantern-flj, and other insects, is attri- 
buted to the same cause; and every one knows 
that most fish, and molluscous animals, such as 
crabs and lobsters, when in a state approaching to, 
or of actual decomposition, give out the same kind 
of light. 

316. When phosphorus is set on fire in air, it 
burns with a bright fiame, generating a snow-like, 
caustic vapor. This is phosphoric acid, formed by 
the union of phosphorus with the oxygen of the 
air. It is composed of one equivalent of phos- 
phorus with five of oxygen ; its formula is there- 
fore PO . Phosphoric acid has great affinity for 
water, with which it combines, forming three dis- 
tinct compounds. It is a very powerful acid; its 
solution in water has an intensely sour taste, and 
reddens litmus paper. Its combinations are called 
phosphates. Very few bodies present a greater de- 
gree of interest than this substance. 

317. But to return more immediately to the 
general subject : the vegetable food of man always 
contains nitrogen, in one or other of the above- 
named forms. Its nutritive properties increase in the 
precise ratio of their presence; or, in other words, 
the value of different kinds of food is in proportion 
to the quantity of nitrogen contained in them. The 
experiments of Magendie have shown that sub- 
stances, such as sugar and starch, which contain no 
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azote, will not support life; and, on the other hand, 
it is ascertained that the quality of flour, for ex- 
ample, improves as the amount of glutin which it 
contains increases. We therefore conclude, that the 
azotized principles of vegetables are essential ; and 
that they are of themselves insufficient for the nou- 
rishment of animal life, except when accompanied by 
starch, gum, bone-earth, and other matters which 
concur in nutrition. 

318. Men and animals, then, find the several 
substances which make up their bodies ready formed 
in the food they consume: in this respect they differ 
materially from plants. A vegetable may be de- 
fined to be an organized being, which derives its 
food from gases and the soil; while an animal exists 
by incorporating into itself, from foreign sources, 
matter similar to that of which its own substance 
is composed. 

319. The constituents of meat are, as far as 
regards their nutritive properties, very similar to 
those of vegetables. Animal fibrin, albumin, and 
casein, have their counterparts in vegetables: the 
history of animal albumin is that of vegetable 
albumin. 

320. Food from without can only be made avail- 
able for the support of life by being first converted 
into BLOOD, and it is the material from which all 
the secretions are derived. The blood in verte- 
brated animals has a red color, and a temperature 
above that of the medium in which the creature 
lives. In its ordinary state it has a slimy feel, a 
density of 1*063, a peculiar odor, and an alka- 
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line* reaction, from the presence of an alkaline 
phosphate of soda. 

321. To the naked eye, blood, like milk, ap- 
pears a homogeneous fluid ; but it is not so in 
reality. When examined by a good microscope, 
it is seen to consist of a transparent, pale, straw- 
colored liquid, in which countless little red discs 
float : besides these, other and less numerous, but 
larger bodies are observed, of a roundish but less 
regular form, called white corpuscles or lymph- 
globules. 

322. When blood is left to itself, it soon coagu- 
lates and forms a clot, which gradually contracts, 
and then floats in a clear liquid. 

323. The serum of blood is the clear pale fluid 
part, and may be said to be an alkaline solution of 
albumin in water. 

324. The clot or grassamentum, is a mechanical 
mixture of fibrin and the coloring principle swol- 
len and distended with serum. In the blood we have 
an instance of fibrin in a soluble state. Its cha- 
racter may be best studied by agitating fresh-drawn 
blood with a bundle of twigs, when the flbrm at- 
taches itself to the latter in form of long, white, 
elastic threads or fibres, which, under the micro- 
scope, appear to consist of small globules arranged 

* The word alkaline is of Arabic origin, and is derived 
from kali, the name of a vegetable species from which 
soda was formerly extracted: the Arabic article of per- 
fection, al, expresses the superiority of the alkali over 
the plant which afforded it. An alkali blues reddened lit- 
mus paper. 
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in strings. It is quite tasteless, and insoluble in 
both hot and cold water. The color of the clot is 
owing to a compound called h^matosin; it con- 
tains albumin and globulin, and coagulates bj 
heat. No method having as yet been discovered 
to separate globulin and albumin, haematosin 
in a pure state has not yet been described. It 
communicates to water a splendid crimson color, 
and differs from the other animal principles 
in containing oxide of iron to the extent of 7 
per cent. 

325. If blood be evaporated to dryness, and ex- 
posed for some time to a red-heat in the air, it will 
burn away, with the exception of a small amount of 
ASH. This consists of alkaline phosphate of soda, 
phosphates of lime and magnesia, phosphate of iron, 
common salt, and sulphates of potash and soda; of 
the same constituents, in fact, which we find in the 
ashes of our principal articles of food (eggs, milk, 
bread and meat, &c.). We find these ashes more 
or less abundant in vegetables, according to their 
power of supporting nutrition. Thus, they abound 
in the seeds of our corn and leguminous plants ; for 
example, in wheat and peas. 

326. Muscular tissue, muscular fibre, or meat,, is 
composed chiefly of fibrin; mixed, however, in the 
ordinary state, with blood, membranes, nerves, fat, 
&c. A thin slice of lean meat, washed in cold water 
until perfectly white, affords an excellent example 
of fibrin in its insoluble form. Now, the basis of 
all meats, whether fish, flesh, or fowl, is the same. 
If an extract be made of finely minced meat with 
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water, a reddish-colored fluid is obtained, having 
the taste peculiar to the blood of the different classes 
of animals. When heated to 150**, the albumin which 
it contains coagulates, while the color remains; but 
if the heat be continued, the fibrin, together with 
the coloring matters and cellular tissue, separates, 
and a clear liquid is obtained. This broth will be 
found to be distinctly acid. The acidity of the 
juice of flesh depends upon the presence of free 
lactic and phosphoric acids. If one or other of 
these acids were removed, meat would be found to 
possess an alkaline reaction, for the blood has always 
fiuch; indeed, all the conditions of an electrical cur- 
rent are present in the living organism. The blood- 
vessels and lymphatics contain an alkaline fluid, 
while the surrounding fluid (that of the flesh) is 
acid; the tissues of which the vessels are composed 
being permeable for one or other of these fluids. 
It is, therefore, very probable, says Liebig, that an 
electrical current takes a share in the vital pro- 
cesses, though very little is known about it. 

327. The chemistry of flesh demonstrates that, 
according to the duration of boiling, a more 01: less 
complete separation of its soluble constituents takes 
place. Since flesh taken as food is again to become 
flesh in the body, it should, as far as possible, con- 
tain all the original constituents of the raw meat. 
The meat without the broth is so much the less 
adapted for nutrition, as the quantity of water in 
which it has been boiled is greater; if meat be ex- 
tracted with cold water, all the sapid and odorous 
principles are, together with the albumin, transferred 
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to it. The smell and taste of roast meast arise from 
the soluble constituents of the juice, which have 
undergone a slight change under the influence of a 
higher temperature. Meat which has been ren- 
dered quite tasteless by boiling with water, acquires 
the taste and peculiarities of roasted flesh, when 
moistened and warmed with a cold water infusion 
of raw meat which has been evaporated till it has 
acquired a dark brown color. From all the dif- 
fei'ent kinds of fiesh we obtain, by the aid of cold 
water, the whole of the albumin present in them, 
in a soluble form. Muscular fibre is everywhere 
surrounded by a liquid containing it, and the ten' 
derness of meat is dependent upon the quantity 
present. In young animals the quantity of albumin 
is great; in old ones it is small. 

328. Now, when meat is to be eaten, the albumin 
should be retained in it ; for not only does it pre- 
serve the fibrin from becoming hard, but it gives to 
it softness and delicacy. The influence of boiling 
water upon albumin is well known. The best 
' method of boiling meat intended for food is to in- 
troduce it into, boiling water ; if the boiling be kept 
up for five minutes, and then so much cold water 
be added as to reduce the temperature to 165^ and 
the whole kept at this temperature for some hours, 
' all the conditions are united which give to the flesh 
' the quality best adapted for its use as food. When 
it is introdac<dd into the boiling water, the albumin 
'immediately coagulateis from the surface inwards, 
^flnd in this state forms a crust, which no longer 
^'permits the exteriial water to penetrate ioto the 
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interior of thie mass of flesh. But the temperature 
is gradually transmitted to the interior, and there 
' effects the conversion of the raw flesh into the state 
^f boiled. The flesh retains its juiciness, and is 
quite as agreeable to the taste as it can be made hy 
roasting. When the temperature of the interior of 
a piece of meat has not reached 144®j it presents a 
blood-colored or underdone appearance. 

329. The flesh of poultry is sooner done than 
meat, because it contains little blood, and therefore 
requires a lower temperature. 

330. The use of lard in roasting is to prevent 
the extractio^ of the tasty constituents from the 
flesh by the escape of its juices, and the evaporation 
of the water, which causes hardening. 

331. Now, although the introduction of the raw 
meat into boiling water is the best process for 
dressing it, it is the worst for obtaining soup. If 
the raw meat be placed in cold water, and this 
brought very gradually to the boiling point, there 
occurs, from the first moment, an interchange be- 
tween the juices of the flesh and the external water. 
The flesh loses, while the soup gains in sapid 

cprinciples, and extracts both lactic and phosphoric 
•acids, — two most important constituents of the 
gastric juice. The best method of preparing so- 
.called beef 'tea, is to take finely-chopped raw beef, 
to mix it with its own weight of cold water, and, 
after the lapse of about ten minutes or more*, to 

* The time must depend upon the state of the chopped 
beef; if it is not yery fine, an hour is not too much for 
-soaking. 
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heat it slowly to boiling. It should be allowed to 
boil for two or three minutes, and should then be 
iitrained through a cloth ; when an equal weight of 
the most delicious and strong beef tea (such as can« 
not be obtained by boiling for many hours) is ai 
once obtained. When properly seasoned, it forms 
the very best soup that can be made. 

332. It has long been customary to ascribe to 
the gelatinous matter dissolved during boiling, which 
gives to concentrated soup the property of forming 
a jelly, the chief properties or peculiarities of the 
soup; but Liebig has shown this to be a mistaken 
notion. The simplest experiments prove that the 
amount of dissolved gelatin in well-prepared soup 
is so small, that it cannot come into calculation in 
explaining its nutritive properties. Gelatin (isin- 
glass is pure, glue impure gelatin) is, in itself, quite 
tasteless, and consequently the taste of the soup 
eannot be derived from it. Boiling water, when 
allowed to act for five hours on finely-chopped 
fiesh, does not dissolve more than the fifth part of 
the matter soluble in cold water, even after the al** 
bumen has been separated by heating the cold in- 
fusion; and this fifth part, besides, does not consist 
of pure gelatin, but contains all the products dis- 
solved out of the muscular fibre by long boiling. 

333. It is equally customary to ascribe great 
strength to dark-coloured soups. A little burnt 
sugar (caramel) or burnt onion, will give depth of 
color to the beef-tea prepared after the above pre- 
icription. 

334. Salted meat is deficient in nutritive and di- 
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gestive properties, and should never be eaten bj a 
dyspeptic person. In the process of salting flesh, 
the acids, much of the albumin, and other matters, 
are removed in the brine; it is therefore obvious, 
that as the juice of flesh is not very dissimilar to 
the gastric juice, its removal must render the meat 
less nutritious. It is probable, that if, before salt- 
ing, the meat were plunged for three minutes into 
boiling water, it would not lose so much of its good- 
ness. The practice of using salt meat at infirmaries 
is highly objectionable. The object — viz., that of 
making it keep in warm weather— -may, perhaps, 
be effected by plunging the fresh meat into slightly- 
salted boiling water, and re-heating till the water 
mgain boils. 

335. Fully to explain the nature and uses of 
COMMON SALT, would occupy too much space; its 
importance will be clearly perceived in the record 
of the fact, that more than one-half of the total 
weight of the ashes of blood consists of salt. It 
has become a necessary even for the rudest nations; 
in not a few countries it is the most valuable mer- 
cantile commodity. Of the various kinds o.f vege- 
table food, seeds contain the smallest amount of it; 
green vegetables the largest proportion. Those 
which consist most largely of starch, such as pota- 
toes and rice, require most salt to render them 
palatable. Moreover, when we consider that one 
of the constituents of salt (soda) is essential to the 
formation of bile, and that the free acid contained 
in the gastric juice is hydrochloric acid, and de- 
rived from salt; — all these facts, taken together, 
«eem entitled to be considered as p^roofs of the 
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necessity of the presence of salt for the vital pro^' 
cess, and of the addition of salt to the food of 
men. 

The earth, the sea, and spring- waters, abound 
in salt or CHLORiDfi of sodium. In some places it 
is found in the interior of the earth, in immense 
beds, from which it is broken up and dug out. It 
looks like a stone, and is therefore called roek'SaU, 
In those places where the rock-salt is mixed with 
stones and earth, a hole is bored in the middle of 
the bed, and water let into it. The water is 
pumped up again as soon as it has become satu- 
rated* with the salt, and is again expelled by eyapo-< 
ration. In the so-called natural brine springs, salt 
is found in solution, and also obtained by evapora-: 
tioti. In hot countries, salt is prepared from sea- 
water, which is evaporated in shallow tanks by the 
beat of the sun. It is called bay-salt, and has a 
bitterish taste, owing to the presence of salts of 
magnesia. A pound of sea-water contains about 
half an ounce of salt. 

Salt crystallizes in cubes (fig. 

^^^o^^ 22), and is as soluble in cold 

-Dj^O^D <>a water as in hot. When thrown 

Dqo-O^ rto'^o ^°*^ *^® ^^®> it cracA:Z«s briskly, 
Op^ca^ ^^^ OT decrepitates {de, from; and cr^-' 
^^^a o o pitare, to crackle). This proceeda 

from a trace of water which re- 
^^' ' mains in the crevices of the crys- 

* When a liquid has dissolyed as much of a substance as it 
can hold, it is said to be saturated. The term, of course, is 
limited by temperature, as hot solutions usually take up 
tapre than coldi . . . . « 
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tals; which, on being heated, expands and bursts 
them asunder. 

Chloride of sodium or salt, is a chemical com- 
pound of the two elements, chlorine and sodium.. 
One of its constituents, chlorine, is the greatest 
bleaching agent, and disinfectant, we are acquainted 
with. It is a jellow gaseous body, of intolerably 
suffocating properties, producing a very violent 
cough, even when inhaled to an exceedingly small 
extent. Its name is derived from the color of the 
gas; %X(>)po£« chloros, signifying yellowish-green. 
Its specific gravity is 2 5 ; its equivalent 36. Sym- 
bol CI. 

336. Htdroohlorio acid, — a constituent of the 
gastric juice, — is a compound of one atom of hydro- 
gen with one of chlorine ; its symbol is therefore 
HCL The strongest liquid acid of commerce, or 
spirits of salt, is a solution of 418 volumes of hydro- 
chloric acid gas in one volume of water. 

337. Sodium, the other component of salt, is a 
silver-white metal, lighter than water, and possessed 
of the remarkable property of burning with flame 
when thrown upon hot water. The latter is thereby 
decomposed; its oxygen unites with the sodium^ 
forming soda, whilst its hydrogen is set free. The 
equivalent of sodium is 24, and its symbol (Na- 
trium) Na. 

338. These two extraordinary substances in che- 
Qlical combination, form that most useful and abun- 
dant substance, common salt, which is expressed 
symbolically by Na CI. Without it, no complete 
digestion can take place, The deficiency in nutria 
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tive properties, which is the characteristic of salt 
meat, is then due, — not to the presence of an excess 
of salt, but to the fact that the salt has removed 
the juices of the flesh, which are so essential in 
digestion. 

339. Nor are all kinds of flesh of equal value. 
Veal, for example, is totally different from beef, the 
inorganic parts or ashes of which latter are much 
richer in alkalies.* It also contains more gelatin 
and less fat than beef. Further than this, it is 
essentially distinguished from beef, by its contain- 
ing -| less IRON. Now, iron, in the state of oxide^ 
is, without doubt, one of the chief constituents of the 
blood. A strong diet must therefore contain a cer- 
tain amount of iron; for it is quite certain, that if 
excluded from the food, life cannot be supported. 

340. Vegetable food, which includes, of course, 
bread, contains as much iron as beef, or red meat 
generally. 

341. Fish contains even less iron than veal; its 
other constituents are the same as those of beef. 
When fish is boiled, a part of the soluble ingredients 
is taken up by the water, and the nutritive value, 
consequently, diminished. 

342. The advantage of stewing over boiling, de- 
pends on the fact, that in the former process all the 
soluble matter is retained in the sauce or juice, which 
is served with the meat.f 

343. Taste being the best test of good cookery, it 

* Potash and soda are alkalies. 

t For further informatioD, see Liebig on Food, from which 
work all the information on flesh here given is taken. 
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IS obviously of the highest importance, in the pro- 
cess of cooking, to retain, as far as possible, the 
sapid principles of vegetables, as well as of meats. 
The practice of boiling meat or vegetables with 
large quantities of water, which is thrown away, and 
with it the whole, or nearly the whole, of the solu- 
ble matter, is clearly objectionable. The process of 
steaming is, in most cases, far preferable to boiling. 
Potatoes should always be boiled in their skins, for 
these keep in much that is valuable. Baked or 
roasted potatoes are, however, most wholesome; 
and this is owing partly to the removal of water, 
and partly to the change which the starch undergoes. 
^ 344. We must not altogether overlook so import- 
ant an element of dinner as cheese. It is a con- 
stituent of milk. When milk, freed from cream, is 
heated to ISO**, or thereabout, and mixed with a little 
rennet, (an infusion of the stomach of the calf in 
water,) it in a short time coagulates, and gradually 
separates into a solid white matter, called curd, and 
a liquid portion distinguished by the name of whey. 
Pure casein is tasteless, and almost insoluble in 
water. According to Mulder, it contains in 100 
parts :— 

Carbon 53-83 

Hydrogen 7*15 

Nitrogen 15*65 

Oxygen I . . . . 23-37 
Sulphur ) 

10000 
The sulphur in it, amounts to 1 per cent. 
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Cheese is coagulated casein, subjected to pressure 
for the purpose of freeing it from the whey. But- 
if cheese consisted only of casein, it would be hard, 
horny, and utterly tasteless. Good cheese is, how- 
ever, always made from milk still retaining its 
cream or butter, which separates along with the- 
casein; and in Stilton, which is one of the richest 
cheeses, the milk is not only allowed to retain its 
natural quantity of cream, but an additional quan- 
tity is added. The fresh cheese being kept con- 
stantly cool and dry, undergoes a peculiar kind of 
putrefactive fermentation, (the details of which are 
very little understood), by which principles are 
generated which communicate to it a peculiar taste 
and odor. 

Cheese^ then, is a mixture of casein, with butter, 
and about 6 per cent, of phosphate of lime, or bone^ 
earth. The difficult digestibility of cheese, as com- 
pared with meat, is no doubt owing to its composition. 
Not only is it insoluble in water, but it brings with 
it little that aids digestion. The use of a morsel of 
decaying cheese as a relish, is no doubt an aid to 
digestion, for it acts as a solvent upon the food in 
the stomach; that is to say, in the same way as does 
a ferment. . , . 

345. Bone-earth and bojies should be carefully 
distinguished from one another. Every species of 
vegetable and animal food which contains albumin, 
or any one of the quaternary compounds, contains 
phosphate of lime, or the earthy, incombustible, in- 
organic ingredient of bones. Thus in the former 
paragraph, cheese has been said to contain 6 per 



THB DINMER-TABLE. 171 

cent, of phosphate of lime or bone-earth, becaufte 
phosphate of lime is its chief component. As its 
name denotes, it is a compound of phosphoric acid 
with lime. But, to speak more correctly, bone- 
earth is a compound of phosphate of lime, with more 
or less of phosphate of magnesia and carbonate of 
lime. 

346. The bones themselves consist of a living or 
organic portion, formed of cartilage; and an earthy 
inorganic portion. The amount of each varies, 
according to the nature of the animal, and its age. 
According to an analysis made by Berzelius, the 
bone of an ox consists of: 

Cartilage 33-30 

Phosphate of lime 57*35 

Carbonate of lime 3*85 

Phosphate of magnesia .... 2*05 

Soda, with a little common salt . 3*45 
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347. The longer cylindrical bones, such as those 
of the extremities, are hollow, and generally filled 
with marrow. In composition, it is analogous to 
those fats in which olein and margarin are predomi- 
nant constituents. 

348. In the third chapter of this work, at p. 81, 
allusion has been made to Liebig's division of all 
classes of food, into such as keep np the animal 
heat, and such as restore the waste of the flesh. 
There ought to be a definite relation between the 
amount of nitrogenous or nutritive matter taken 
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into the system, and that of the starchy or calorifiant 
(heat-producing) ; hence a proper diet must consist 
of that in which the nutritive matter is duly propor* 
tioned to the calorifiant. 

349. By a fit admixture, a diet can be obtained of 
a composition, analogous to that of milk orof wheaten 
bread. By the addition of bacon or fat pork to peas 
and beans; of fat bacon to veal; of potatoes to beef; 
of rice to mutton; we increase in each case the pro- 
portions of heat-giving matter. The same result, 
though to a much smaller and less useful extent, is 
obtained by the use of fermented liquors, which, 
when taken with lean flesh and little bread, yield a 
diet approaching to milk. 

350. We know that when food is withheld, the 
body loses weight; that, by the food, the weight of 
the body, and the power of producing new manifes- 
tations of force, is restored. In a state of rest, man 
requires less food than when in active exertion. It 
is, therefore, not a matter of indifference what is the 
quality of the food which he must daily consume, in 
order to recover his original power, and to perform 
on the following day, an amount of work equal to 
that of the previous one. 

351. In a healthy adult, whose weight should 
not be perceptibly altered from year to year, the 
proportion of the parts, and their composition, are 
the same as at the beginning of the period. The 
whole quantity of the food taken in the course of 
the year, has not been employed in increasing the 
weight of the body, but in repairing the waste 
produced by exertion. For every movement of the 
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limbs, everj glance of the eye, eveiy thought that 
crosses the mind, is accompanied by the transform- 
ation of a certain amount of nitrogenous matter into 
a soluble form, to be ultimately expelled from the 
system. 

352. To preserve the body in a healthy condi- 
tion, the quantity of food taken at meals should be 
in propo;i;ion to age and the amount of exercise. A 
person who takes much active exercise in the open 
air, or whose work is such as to give vigorous em» 
ployment to the muscles, will be able to eat double 
the quantity that would be good for one who leads 
a sedentary life. The state of the weather, too, has 
much to do with the quantity, for the colder it is, 
the more food is necessary. The Esquimaux will 
devour as much as twelve pounds of raw whale's 
blubber in a day; whilst the inhabitants of hot cli- 
mates live on a very spare diet. In the case of 
healthy vigorous men, Liebig calculates that as 
much as 14 ounces of carbon are exhaled every 24 
hours from the lungs, in the form of carbonic add* 
The colder the air, the larger is the amount of oxy- 
gen we take into the lungs at every breath : for by 
cold the air is condensed; and though the relative 
proportions of oxygen and nitrogen in air are the 
same both in winter and summer, the actual amount 
of oxygen inhaled must be greater than in summer. 
And so, inasmuch as substances which abound in 
carbon and hydrogen are the heat-sustaining princi- 
ples of the body, our food in winter ought to contain 
more of these than in ummer. All inhabitants of 
very cold climates live by hunting, an exertiofi 
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which quickens and deepens the breathing: a greater 
weight of oxygen is thus taken into the lungs, and 
absorbed by the blood at each inspiration. The 
exhaled air wUl be laden with watery vapor and 
carbonic acid, and the temperature of the body will 
be kept up in spite of the piercing external cold. 

363. It should, therefore, be borne in mind, that 
we are by no means to eat a certain quantity of 
food merely from custom. The food that is required, 
and hence the appetite, must be proportional to the 
amount of carbon required to supply the animal 
heat. Now, in hot climates, where the external 
cooling is less, less heat is required, the appetite is 
weaker, and the usual food, consisting of fruits and 
vegetables, contains a far smaller amount of carbon 
than in cold climates, where the appetite is keen, 
and the food, such as flesh, or even blubber, highly 
carbonized. For the same reasons, warm clothing, 
which diminishes the loss of heat by external cool- 
ing, blunts the appetite; and those who remove from 
a cold to a warm climate, always find that their 
appetite falls. This is a warning from nature to 
diminish the amount of food taken; and if it were 
attended to, and the common but absurd practice 
of stimulating the appetite by ardent liquors, hot 
spices, and pickles, abandoned, Europeans might en>^ 
joy better health in the Indies than they usually do. 

354. It is further, very important to avoid over- 
drinking at meals; large draughts of water or beet 
chill and disorder the stomach, rendering it unfit to 
perform the functions of digestion. It should be 
remembered, that the quenching of thirst does, not 
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md upon tbe quantity of liquid imbibed; and 
, in general, about balf a pint of fluid, whe- 
it be in the form of water, beer, coffee, tea, or 
a, drunk in small quantities at a time, will suffice 
ich meal. 
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QUESTIONS ON CHAPTER V. 

265. Why is it necessary further to consider some of the 
properties of water ? 

266. Why does water never appear in nature in a state of 
complete purity? What impurities does rain remove from 
air ? Why is rain well-adapted to washing ? What impuri- 
ties may be removed from it by filtration ? 

267. Is clear water of necessity pure water? Is well- 
water in towns usually fit to drink ? What impurities are 
removable from water by filtration ? 

268. What are the qualifications of a good drinking water? 
What waters do cattle select when they have the choice? 
What is the object of water ? 

269. Describe a good water? Why should drinking-water 
not stand in the sun ? 

270. Why can no rule be laid down as to the use of mine- 
ral water ? 

271. What mineral waters may be used in health ? 

272. What do we understand by a saline water ? What 
are magnesian waters, chalybeates, hepatic waters? 

273. Should a stout person drink much of any liquid? 

274. What is the effect of alcohol upon the stomach? 

275. Has the nutritive value of food any necessary connec- 
tion with the quantity of water contained in vegetables? 
State the quantity of water in a few of the leading fruits and 
vegetables ? 

276. How much water does meat contain? Should the 
water we drink bear any such proportion ? 

277. Whence have our vegetables been chiefly imported? 
Bo any of them grow wild ? Has cultivation idtered them 
much? When were carrots and turnips introduced? To 
what place did Queen Catherine send for a salad ? In what 
year was the potato brought to England ? Who brought it ? 
Broccoli and cauliflowers, when were they first introduced? 

278. When do we first read of spinage? What peojde 
were in the habit of eating it ? 
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279. What ohancter did the fruits used by our ancestors 
bear? Are any of their names indicative of the countries 
from which they were brought ? Give an instance ? 

280. About what time was the cherry first cultivated in 
England? When was its cultivation restored? Does the 
cherry grow wild ? 

281. What is the origin of the plum, and the supposed 
origin of the peach, nectarine, and apricot? From what 
country was the damson brought ? 

282. Whence does the strawberry derive its name ? 

283. Of what country are currants natives ? Have they 
been found in the north of Europe ? Belate what you 
know? 

284. Has the vine been long known ? Is it a wholesome 
fruit ? How many hundred- weight of grapes has the Hamp- 
ton vine been known to bear ? What do you know of the 
Eshcol grape? 

285. Does the pear grow wild in England ? Why is the 
pear a less wholesome fruit than the apple ? 

286. What country is the apple a native of? How have 
the varieties now known been obtained ? How many varieties 
are there supposed to be ? What effect has cooking upon the 
apple ? 

287. What is the most important ingredient of vegetables? 
Under what various names is the substance known ? In what 
form is it contained in the cells of vegetables ? Is it possible 
to distinguish the vegetable from the form of the starch gra- 
nule ? What is the word homogeneous derived from ? What 
per-centage of carbon does starch contain? Does it contain 
nitrogen? What, then, are its other constituents? Has it 
any great power of retaining water ? Does the starch of the 
shops contain much ? 

288. How much starch is contained in rice? How much 
in potatoes and peas ? 

289. Why do rice and potatoes swell in boiling? 

290. Are any varieties of starch used in making puddings? 
Name them. How is sago prepared ? What kind of tree is 
it obtained from ? 

291. From what property does arrowroot derive its name? 
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What is its botanical name? How is it prepared? What 
appearance does it present when pure ? With what root is 
it frequently adulterated? 

292. What is the name of the plant from which tapioca is 
derived? In what respect does it difiTer from cassava? Ee- 
late the manner in which the Indians prepare cassava bread? 

293. What substance do these various forms of starch con- 
tain ? What do you know of its properties ? Is it essential ? 
What is its per-centage in cassava? 

294. What change does arrowroot undergo in boiling ? 

295. Into what new substance is starch changed when 
strongly heated? Does it differ from starch in composition? 
How does it differ in property ? Is it used in the arts ? 

296. What is the use of milk in cooking provisions in which 
starch abounds ? 

297. What is the name of the principle contained in tur- 
nips and carrots? To what principle is the jelly in {raits 
due ? How may it be obtained from currants ? What sub- 
stance does pectin resemble ? Is pectin contained in carrots ? 
What is the name of it then? How much does it amount to 
in carrots and turnips ? Does pectin differ much from starch 
in composition ? Does it differ from pectic acid ? 

298. Is sugar found in vegetables ? How should vegetables 
which contain much of it be cooked ? 

299. What does woody fibre consist of? Does cellular 
tissue differ from starch in composition? In what respect 
does woody fibre differ from cellular tissue? How may 
wood be represented chemically ? Is it contained in cabbage- 
stalks? 

300. What changes do the cells of vegetables undergo, in 
growing old ? Is woody fibre digestible? 

301. Of the various substances in vegetables, consisting of 
C, H, and 0, do any of them crystallize? Of what nature 
are the substances met with, more especially in fruits ? What 
are their properties ? Are they ever met with in vegetables ? 
In what proportions? 

302. Does oxalic acid ever exist in a free state? Does it 
usually so exist? In what plants more especially is it found 
in a state of combination ? What is the name of the salt ? 
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What appearance does the pure acid present ? What are its 
properties? What is the best antidote to counteract its poi- 
sonous properties ? What is its composition ? Write down 
its formula from memory ? How is an organic acid expressed 
symbolically? What are the salts of oxalic acid called ? 

303. Is tartaric acid ever found in a free state ? From what 
salt is it always derived? Whence is that salt obtained? 
Whftfe is the common name of the salt ? Is it very soluble in 
water? Why does it separate from wine ? For what chief 
pnrpose is tartaric acid employed? Has it any other use? 
What is its chemical composition ? What are its salts called ? 

304. What fruits does citric acid abound in? Whence its 
name? What are its most prominent properties? What is 
it chemically composed of? Is it ever found in the artichoke ? 
In what part ? As what ? What are its salts called ? 

305. What is the name of the acid of apples ? What other 
fruits does it occur in ? Whence its name ? What is it com- 
posed of? What are its salts called ?j 

306. Are binary and ternary compounds alone of import- 
ance ? What, then, are nitrogenized substances ? To what 
extent are binary, ternary, and quaternary compounds con- 
tained in milk ? What nitrogenized compounds are contained 
in bread? 

307. Are glutin and albumin the only compounds in flour ? 

308. What does glutin contain in addition to gliadin? 
What is fibrin ? Of what is it composed ? 

309. What is a further component of flour? Why so 
called. 

310. What is legnmin? In what family of plants does it 
abound ? What are its properties ? With what is it gene- 
rally considered identical ? What gives solidity to the ker- 
nel of the almond ? 

311. Do the various nitrogenized constituents differ much 
from each other ? 

312. Does the value of esculents depend much upon the 
quantity of nitrogen in them? How much nitrogenized 
matter is contained in wheaten flour? How much in green 
peas ? Is there more in rice than potatoes ? Which vege* 
table contains least ? 
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313. What elements, besides C. N, H and O, are to be met 
with in albamin ? Is the quantity of sulphur and phospho* 
rus great ? Does casein contain phosphorus ? 

314. Name some oils, &;c., in which sulphur abounds? 
What country furnishes the chief supplies of sulphur ? What 
is its specific gravity ? What effect has heat upon it ? What 
is its common name ? What purposes in the arts does it sub* 
serve? What element does it resemble in its chemical rela- 
tions ? 

315. From whence is the phosphorus of the albumin of 
vegetables obtained ? Is it ever contained in the soil in an 
uncombined form ? What is the name of the salt which more 
especially abounds ? Whence do animals obtain phosphorus 
or its compounds ? From what source is phosphorus obtamed? 
What is its appearance? Its specific gravity? What is its 
combining proportion ? How is it preserved ? Why sd ? Is 
it dangerous to handle? What is its name derived from? 
To what is the phosphorescence of the glow-worm supposed 
to be owing ? Is phosphorus at all used in manu&ctures? 

316. When phosphorus bums in air, what compound is 
formed? What is phosphoric acid composed of? Has it 
any affinity for water ? 

317. What are the names of the five nitrogenized constitu- 
ents of vegetable food? Upon the presence of what sub- 
stances does the value of food depend? Does the quality of 
flour vary at all ? Why may we conclude that the nitrogen- 
ized parts of plants are not alone suitable as food ? 

318. Define a vegetable? In what respect does an animal 
differ? 

319. Do the constituents of meat differ much from those of 
vegetables ? 

320. What color is the blood of vertebrated animals? 
What temperature has it usually ? What is the cause of the 
alkalinity of blood ? What does the word mean ? 

321. In what respect is blood like milk? 

322. When blood is left to itself, what change does it un- 
dergo ? 

323. What is the name of the clear liquid port of blood? 

324. What is the clot? By what other name is it known? 
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Is fibrine contained in the blood ? How may it be obtained ? 
What is its character? What is the word hsematosin de- 
liyed from ? State what you know of its nature? What is 
the name of the other component of the globules of blood ? 

325. What is meant by the ashes of blood ? How are they 
prepared? What do they consist of? Do we find them in 
vegetables ? In which do they most abound ? 

326. What is meat chiefly composed of? What is it mixed 
up with? What affords a good illustration of fibrin? Is 
the basis of fish and fowl the same ? Is broth acid ? To 
what acids do we ascribe the cause ? Is meat alkaline or acid ? 
What part does Liebig suppose the acids and alkalies of the 
body to perform ? 

327. To what is the smell of roast meat attributable ? To 
what substance more especially is the tenderness of roast 
meat due? What influence does hot water exercise upon 
albumin ? Of what elements does albumin consist ? 

328. How should boiled meat be cooked? What is the 
theory of it? What is the temperature of under-done meat? 

329. Why is poultry sooner done than meat ? 

330. What is the use of lard in roasting ? 

331. How should soup be made? What is liebig's pre- 
scription for beef-tea ? 

332. What is gelatin ? Has it anything to do with the 
strength of soup ? 

333. Has the color of soup anything to do with its strength ? 
How may color be given ? Do you remember the chemical 
name of burnt sugar ? 

334. Why is salt meat deficient in nutriment? 

335. What is the use of common salt ? How much is con- 
tained in blood ? Is it ever a matter of commerce ? What 
vegetables contain most salt? What least? What argu- 
ments may be used for the necessity of salt ? What is thv 
technical name of salt ? What is rock-salt ? Why so-called 
How is salt obtained from natural brine-springs ? What is 
bay-salt? What. gives it its bitter taste? How much salt 
does sea- water contain ? In what form does salt crystallize ? 
Why does it crackle in the fire ? What two elements does 
salt consist of? What is chlorine used for? What color 
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is it ? What is its name derived from ? Is it dangerous to 
breathe? What is its specific gravity? Its equivalent? Its 
symbol ? 

336. What is hydrochloric acid ? What is it composed of? 
In what part of the body is it found ? What is its common 
name? 

337. What is sodium ? What are its properties ? 

338. Is common salt the cause of the less digestibility of 
salt meat? 

339. Are all kinds of flesh of equal value ? How is beef 
distinguished from veal? Is iron contained in the blood? 
Is it a necessary constituent of food ? 

340. Does vegetable food contain iron ? 

341 . Does fish differ from beef or veal ? Does it suffer loss 
in boiling? 

342. What is the advantage of stewing over boiling ? 

343. Why is the practice of boiling meat or vegetables with 
much water objectionable? Which are most wholesome, 
baked or boiled potatoes ? Why ? 

344. In what liquid is cheese found ? What is the chemi- 
cal name of curd? What is whey? How is it obtained? 
What are the properties of casein ? What is its composition? 
What, then, is cheese? Does it consist of pure casein? 
How is Stilton made ? Is cheese very digestible ? Why not ? 

345. What is the difference between bone and bone-earth ? 
How much phosphate of lime does cheese contain ? What is 
bone-earth, more correctly speaking, composed of? 

346. What, then, are bones composed of? 

347. What is marrow ? 

348. Into what two classes may all kinds of food be divided ? 
Of what should a right diet consist ? 

349. Can we obtain a right diet by due admixture? 

350. What is the object of food ? When does man require 
most ? Is it indifferent of what kind the food is ? 

351. Does the weight of a man increase much in bulk from 
year to year ? What, then, has the food been expended in ? 

352. Should age and exercise have anything to do with the 
amount of food talcen ? Has the weather anything to do 
with it? How much carbon does a man exhale from his 
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langs ? Why do we inhale more oxygen on a cold winter's 
day than in summer ? How do the inhabitants of very cold 
cfimates keep themselves warm ? 

353. Should, then, the same amount of food be eaten at 
all times? Why not? Why does a removal from a cold to 
ji warm climate diminish the appetite ? 

354. Why should over-drinking be avoided? What may 
be considered a fair average amount of drink of any kind? 



CHAPTER VI. 

THE CHEMISTRY OF GLASS, CHINA, AND 
EARTHENWAEE. 



355. Of the many beautiful discoveries effected 
by the ingenuity of man, none is so beautiful, so 
perfect, in fact so nearly approaching to the pro- 
ductions of nature, as glass. 

356. When, or by whom, the art of glass-making 
was discovered, is unknown ; but that it was prac- 
tised in very ancient times is certain. A kiln of 
bricks could scarcely be burnt, or a batch of pottery 
made, but some of the bricks or ware would be, at 
least superficially, turned to glass. 

357. From many writings of the ancients, it is 
certain that glass was well known to them. The 
glass-works of Sidon and Alexandria enjoyed con- 

, siderable reputation in the time of Pliny. From 
thence, at one time, Eome was supplied. It is as- 
serted that Nero paid a sum equal to £50,000 for 
two glass cups with handles, not remarkable for 
their size, but valuable for their transparency. 
However, it was not until long after the time of 
Nero that the Eoman artisans became proficient in 
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the art of glass-making. One of the most cele- 
brated specimens of ancient art, is the Portland 
Vase in the British Museum. It was found about 
three centuries ago, enclosed in a marble sarco- 
phagus, in the tomb of Alexander Severus, who 
died A.D. 235. The body of the vase is deep blue 
glass, and is ornamented with delicate white opaque 
figures in low relief, in the style of cameos. 

358. In the thirteenth century, the manufacture 
of glass was successfully prosecuted on an exten- 
sive scale at Venice, where it was probably intro- 
duced by the crusaders, who had contrived to learn 
the glass-making processes of the Phoenicians during 
the Holy War. The quality of the drinking-glasses 
and mirrors manufactured at Venice has ever been 
highly extolled, and the artisans of that city con- 
tinued to supply the greater part of the glass ves- 
sels required for all Europe, during two or three 
centuries. 

359. France was the European state in which 
the manufacture of glass was next conducted on a 
considerable scale, the Venetian processes having 
been introduced there, during the ministry of Col- 
bert, by some French artists who had resided in 
Venice. 

360. The manufacture of glass was not prose- 
cuted on an extensive scale in England, until the 
middle of the sixteenth century ; but it is believed 
that smaU glass articles were made at a v ery early 
period, the processes being derived, most probably, 
from the Phoenicians, when trading to our country 
for tin. The glass rings termed the glain neidyr^ 
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or Druid glass rings, which are frequently found 
near Aberfrau Palace, are supposed to have been 
made by the Druids. Window-glass was first made 
in 1557, in the Crutched Friars, London; and a 
flint-glass manufactory was established shortly 
afterwards at Savoy House, in the Strand. Very 
little progress, however, was made until 1670, 
when the processes practised at Venice were in- 
troduced here by some artisans from that coun- 
try, under the patronage of the second Duke of 
Buckingham. 

361. This brief sketch of the progress of the 
glass manufacture, which has been taken almost 
verbatim from ParneU's excellent treatise on Ap- 
plied Chemistry, concludes with the following para- 
graph from the writings of one of the most cele- 
brated authors of the last century: — 

"By some fortuitous liquefaction was mankind 
taught to procure a body at once in a high degree 
solid and transparent, which might admit the light 
of the sun and exclude the violence of the wind; 
which might extend the sight of the philosopher 
to new ranges of existence, and charm him, at one 
time with the unbounded extent of the material 
creation, and at another with the endless subordi- 
nation of animal life ; and, what is yet of more im- 
portance, might supply the decays of nature, and 
succour old age with subsidiary sight. Thus was 
the first artificer in glass employed, though without 
his own knowledge or expectation. He was facili- 
tating and prolonging the enjoyments of light, en- 
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larging the avenues of science, and conferring the 
highest and most lasting pleasures; he was enabling 
the student to contemplate nature, and the beauty 
to behold herself." 

362. Glass, as is well known, is an artificial 
product. In a natural production, resembling glass 
in many of its best properties, we recognize quartz^ 
or rock-crystal; and this mineral, often perfectly 
transparent and colorless, is so hard as to give 
sparks when struck with a steel, and is infusible 
in fire. Rock-crystal is often beautifully crystal- 
lized in six-sided prisms, the finer crystals of which 
are cut into ornaments, and frequently used as 
a substitute for glass in spectacles ; they are then 
called pebbles, and possess an advantage over 
glass, in not being easily scratched. Brown and 
yellow rock-crystal are found in great beauty in 
the mountain of Cairngorm, in Scotland. That 
beautiful gem called Opal, is a specimen of pure 
rock-crystal, combined chemically with water. In 
fact, all the varieties of beautiful stones, known 
and valued by young and old, under the various 
names. Agate, Bloodstone^ CameUan, FUnt, Ame- 
thysty and Onyx, are but varieties of melted sand^ 
colored by metallic oxides ; they are glass^ of na- 
ture's manufacture. 

363. The technical names for rock-crystal and 
the various species of sand, are silex, silica, and 
SILICIC ACID. The most finely-powdered silex feels 
harsh and gritty between the teeth, is utterly taste- 
less, and insoluble in water. It may, therefore. 
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seem at first sight strange to call such a substance 
silicic acid, as it appears to be devoid of all add 
properties. 

364. But it may be here observed that a chemist, 
bj the word acid, does not of necessity mean an 
oxydized body possessed of an acid taste, and capa- 
ble of reddening blue litmus- paper. In the earlier 
days of chemistry such a definition was sufficient, 
but it was soon found to be incomplete. Not only 
have acids been discovered which contain no oxygen, 
but others also, presenting every feature of an acid, 
except an acid taste and the power of reddening 
litmus. And these properties they could not pos- 
sess, because of their insolubility in water; for aU 
substances insoluble in water, or some other liquid^ 
must of necessity be void of taste, as the reflecting 
reader will at once admit. An acid is a combina- * 
tion of an element, usually with oxygen or hydro- 
gen, possessed sometimes, though not necessarily, 
of a sour taste, but having always the power, under 
given circumstances, of forming a salt by union 
with a metallic oxide or base. But even this defi- 
nition is both insufficient and incomplete : a more 
correct one would be to describe an acid as the 
electro-negative compound in a salt. 

365. The acid properties of silica are only dis- 
played under the influence of considerable heat. 
At high temperatures it is one of the most power- 
ful acids with which chemists are acquainted. 

366. It has been observed above, that silica is 
naturally insoluble in water ; nevertheless, it may 
be rendered soluble, by several of the mighty agents 
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which are ever silently in operation in nature. For 
the supply of the very many plants, into the struc- 
ture of which it enters, and in which it seems to 
play the same part as the bones do in animals, silica 
must become soluble in the soil, or else the delicate 
stomata or mouths of the rootlets of plants would 
refuse admission to it. That it does so become 
soluble, is certain. It is even found in spring and 
mineral waters: in the boiling Greysers of Iceland, 
it is contained in such quantities as to be deposited 
by them in porous masses, not very unlike stalac- 
tites. Indeed, silica is knoton to exist in two dis- 
tinct forms, the soluble and insoluble. The soluble 
passes into the insoluble, as soon as it has once 
been separated from its solvent, and dried. 

367. The chemistry of silica is simply this. It 
« is not an element, but a compound; in fact, the 

oxide of an element, called silicon. In a free state 
silicon resembles a brown powder, destitute of 
metallic lustre, but is never found as such. Its 
symbol is Si, and its equivalent 22. It combines 
with oxgen in only one proportion, and forms silicic 
acid, — a definite compound of one eq. of silicon, 
with three eqs. of oxygen. The chemical formula 
of silicic acid is therefore Si O^. Its specific gravity 
is about 2'6Qi and it is only fusible by the oxy- 
hydrogen blowpipe. 

368. But rock-crystal is not glass. Glass is a 
fused mixture of combinations of sihca, with several 
oxides; of silicates, as the salts of silica are called. 
As it would be impossible to understand the che- 
mistry of glass, without first considering the nature 
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of the compounds with which the silica is combined 
for its formation, it becomes necessary to describe 
them. 

369. Wood-ashy pot-ash^ and pearUash, are the 
names given to the more or less pure carbonate of 
potash of commerce. This salt, which consists of 
a combination of carbonic acid with potash, is ex- 
clusively supplied by the combustion of wood and 
other vegetable substances; its production, on a 
large scale, is therefore necessarily confined to those 
countries in which timber abounds. Thus, in the 
clearings of Canada and the United States, it is 
usual to burn the wood which cannot otherwise be 
employed, for the purpose of collecting the ash 
which remains. This ash is washed with water, 
and the washings are boiled to dryness in iron 
pots, — hence the name pot-v&h. When this potash 
is again dissolved in water, and the clear liquid 
poured off from the sediment and boiled, the pearl- 
ash or carbonate of potash of the shops is obtained. 

370. Cabbonate of potash forms, when pure, 
a white granular salt, soluble in its own weight of 
water, fusible at a red heat, and possessing great 
attraction for water. The potash of the carbonate 
is the most powerful basic oxide, combining readily 
with acids, and forming salts. It is very acrid and 
corrosive, and is hence commonly called caustic 
potash. At a white heat it is decomposed by char- 
coal, and thus the metal potassium may be sepa- 
rated from the oxygen, with which in Potash it is 
combined. Potassium is a blueish-white metal of 
great lustre, having a strong tendency to attract 



GLASS, CHINA, AND EARTHENWARE. 191 

oxygen, and to re-form potash. When simply ex- 
posed to the air, it gradually absorbs oxygen ; if 
heated in the air, it takes fire and burns. It even 
bursts into fiame when thrown upon water, de- 
priving that liquid of its oxygen, and liberating its 
hydrogen. When thus burned, potash is formed, 
and is found dissolved in the water. 

371. The class of bodies to which potash (and 
soda) belong, is that of the alkalies, which are dis- 
tinguished by their solubility in water, by their 
power of combining with even the most powerful 
acids and forming neutral compounds called salts, 
and by their property of changing, in a remarkable 
manner, the colors of certain vegetable* matters. 
The words alkali and alkaline have been already 
explained. Ammonia is also an alkali. This is 

.usually called a volatile alkali, on account of its 
nature (see pp. 24, 25, and 26); while potash and 
soda are termed fixed alkalis, as they are not vola- 
tile at a red heat. 

372. The nature of Kalium, the name by which 
potassium is usually represented, will now be more 
intelligible. K is the symbol of potassium — the 
combining proportion or equivalent of which is 40. 

373. The oxide of kalium or potash being repre- 
sented by the symbol KO ; that of dry carbonate of 
potash must be KO.CO^. 

374. When one part of silica, and two-and-a-half 
parts of carbonate of potash are fused together, the 
carbonic acid is expelled, and a silicate of potash is 

* Yellow turmeric is turned brown; red litmus blue. Blues 
are unaltered by alkalies. 
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formed, which is soluble in water, and known by the 
name of soluble glass. A concentrated solution of 
this compound in water, mixed with chalk or fine 
china clay, is sometimes used as a paint, to render 
wood, paper-hangings, and other like articles, in- 
combustible. 

375. When pearl-ash and a great excess of silex 
are melted together, a nearly insoluble silicate or 
species oi glass is obtained. 

376. But one of the constituents of glass is soda. 
In the same manner as carbonate of potash is ob- 
tained by the combustion of land-plants^ so in former 
times was all the carbonate of soda of commerce 
obtained from the incineration (burning to ash) of 
sea-weeds. Barilla and kelp were the names by 
which the rough carbonate was known in the mar- 
kets, and twenty-four tons of sea weed were required 
for the production of one ton of kelp. A very pure 
carbonate of soda, which, on account of its cheap- 
ness, has been made to supersede in many of the 
arts, the far more expensive carbonate of potash, is 
now manufactured on an immense scale in England, 
by the decomposition of sulphate of soda (Glauber 
salt). This process will be explained in the next 
chapter. 

377. The carbonate op soda of commerce is a 
salt, very large transparent crystals of which may 
be frequently seen in the windows of oil-shops. It 
contains no less than 63 per cent, of water of crys- 
tallization, a portion of which it exhibits a tendency 
to lose; and thus we often see the transparent crys- 
tals covered with a white powder of carbonate of 
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soda, having lost half of its water. When heated, 
it melts in its water of crystallization, and, if the 
heat be continued, gives off all its water. The dry 
carbonate thus obtained, is a white powder, soluble 
in two parts of water, to which it communicates a 
strong, disagreeable, caustic taste. 

378. The soda of the carbonate is a very strong 
basic oxide or base, only second to potash in its af- 
finities, or powers of attraction. At a white heat, 
caustic soda may likewise be decomposed by char- 
coal, and the metal sodium or natrium obtained. 
It is silver-white, very soft, and oxidizes immedi- 
ately on exposure to air. It melts at 194®. Its 
specific gravity is 0*972. The eq. of Sodium is 24, 
and its symbol Na. Soda, being a compound of 
sodium with one eq. of oxygen, is represented by 
the formula Na O. 

379. The compounds of silica with soda, the sili- 
cates of soda, are sp similar to those of potash, that 
it is needless further to describe them. Suffice it 
to say, that no matter how pure the materials em- 
ployed, the glass resulting from the use of soda is 
always possessed of a greenish hue. 

380. Lime is likewise used in the preparation of 
glass. The mountain-limestone, forms, as is well 
known, whole ranges of hills in many parts of the 
world ; this, as well as chalk, calcareous spar, and 
marble, are mere varieties of carbonate of lime. 
It is almost insoluble in pure water, requiring as 
much as 10,601 parts to dissolve one of pure car- 
bonate of lime. 

381. When limestone is heated intensely in the 

o 
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lime-kiln, it loses its carbonic acid^ and becomes 
oxide of calciuMf limey quick-lime, or caustic lime, 
these being the various names by which the product 
is known. The pure kinds of mountain-limestone 
lose about 44 per cent, of their weight. 

382. Lime, or oxide of calcium, is a yay 
powerful base, and very caustic. It requires for 
its solution 750 parts of water. Its most remark- 
able property is its strong tendency to combine 
with water. In fact, when a few drops of water 
are poured upon a piece of quick-lime, it falls down 
into a fine white powder, evolving, at the same time, 
a great amount of heat. This operation of slaking 
lime may be constantly seen wherever building 
operations are carried on ; the heat generated in the 
process is frequently made use of by the workmen 
for the purpose of warming their tea or coffee, and 
also for cooking meat. The emission of heat is 
caused by the union of the water with the lime ; 
the former, becoming solid, gives off the heat neces- 
sary for retaining it in a liquid form. 

383. Slaked lime is a compound of lime with 
water, and is called, in consequence, a htdratb of 
lime; it contains 24 per cent, of its weight of water. 
In the caustic state, lime does not occur in nature, 
nor, when exposed to the air, does it long remain 
so. It first slakes, then gradually absorbs car- 
bonic acid from the air, and becomes again con- 
verted into carbonate of lime. 

384. Although, as we have fieen, carbonate of 
lime is nearly insoluble in water, it is freely taken 
«p when carbonic acid happens at the same time to 
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be present. Since all water, except distilled, con*- 
tains carbonic acid in solution, it is to be expected 
that lime in this condition should be of very com* 
mon occurrence; and such is found to be the fact^ 
river and spring water invariably containing car- 
bonate of lime thus dissolved. When such a water 
is heated to boiling, carbonic acid is expelled, and 
the carbonate precipitated. This likewise takes place 
at the ordinary temperature of the air, although more 
slowly; and tiius the formation of beautiful stalac- 
tites in limestone caverns, and of deposits upon the 
ground in many places, is explained. 

385. Lime, like potash and soda, is an oxide. It 
is a combination of oxygen with the metal calcium. 
It is prepared artificially only with great difficulty, 
and is not known to exist in natjure in an uncom- 
bined state; Calcium is a silver-white and very 
oxidizable metal. Its equivalent is 20 ; its symbol 
Ga. 

386. The important oxide of calcium is repre- 
sented by the formula CaO; the hydrate by CaO, 
HO. The symbol for carbonate of lime is CaO, 
CO*. 

387. Oxide op lead, which may be prepared by 
exposing the grey powder which forms on melted 
lead to the further action of heat and air, until it 
acquires a uniform yellow color, is a most important 
agent in the manufacture of glass. It forms very 
fusible salts with silex, and aa these are beautifully 
dear and colorless, its value for the purpose of glasft- 
making may be readily conceived. 

388. By further exposure of this oxide of lead to 
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the action of heat and air, at a high temperatuiei 
though below its melting point, it attracts a further 
quantity of oxygen, and acquires gradually a fine 
red color. Minium or bed lead is preferred in 
glass-making to the ordinary oxide (litharge)^ be* 
cause its excess of oxygen over that of litharge, al- 
though given off at a red-heat, has the power of 
oxidizing and removing any organic impurities 
which may have become mixed with the various 
ingredients, and which otherwise would impair the 
brilliancy of the glass. 

389. Glass, the manufacture of which will not 
now be difficult to understand, is altogether des- 
titute of crystalline structure. It is, essentiaUy, 
a compound of silica with potash or soda, lime, 
and oxide of lead. The silica is employed in 
greater or less quantity, according to the purpose 
designed by the manufacturer. Fine white sand 
is usually employed ; sometimes powdered flints, 
or the white pebbles so abundant in many rivers, 
are made use of. 

390. When the purity of the glass is of import- 
ance, carbonate of potash or soda is used; while for 
common glass, wood-ash, barilla, and kelp are suffi- 
ciently good. The proportions of the raw materials 
will vary much, usually about half the weight of the 
silica being the proper amount. During the prot 
cess of fusion, the carbonic acid of the carbonates 
escapes in bubbles; and the glass is ready for use 
as soon as the melted mass of silicates is free from 
the bubbles of escaping gas. 

391. A glass composed entirely of silica and 
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potash, or soda, requires a very high temperature 
for perfect fusion ; and this is the chief reason for 
the employment of litharge, and of red lead. 

392. The fusibility is much increased, and the 
compound is not only more tenacious and workable 
when hot, but bears changes of temperature better. 
London flint-glass, so celebrated for its brilliant 
transparency, is prepared with oxide of lead ; but in 
consequence of its softness, it is very liable to be- 
come scratched. The composition of flint-glass, 
according to Faraday, is as follows :— 

Silica ........ 51-93 

Potash ....... 13-77 

Oxides of lead 33*28 

Impurities and loss ... 1*02 



10000 

393. The mixture of materials for glass is tech« 
nically termed fret ; their fusion is conducted in 
large crucibles, or glass-pots, made of the most in- 
fusible kind of fire-clay, which, in the case of lead 
glass, are covered by a dome at the top, and have 
an opening at the side, at which the materials are 
introduced, and the melted glass withdrawn. At a 
full-red, which is the working heat, the glass has a 
very tenacious consistency, and, as it scarcely ad- 
heres to polished metal, is easily worked with iron 

tO(^8. 

394. The culrcular tables of cronm-glass are made 
in the following manner: the workman having col-^ 
lected the proper quantity of glass, in the soft pasty 
Qtate,. at the end of his blowpipe, commeuces blow-* 
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iog, by which the lump is expanded into a kind of 
flask. The latter is fastened at bottom to an iron 
rod or puntil, by means of a little fresh glass oIh 
tained from the glass-pot, and the blowpipe is 
removed from the neck of the flask by the applica- 
tion of cold iron. The flask is suddenly made to 
assume the form of a flat disc or plate, by the cen- 
trifugal force induced by the rapid, wheel-like move- 
ment given to the puntil. Crown-glass or window* 
glass, is made of soda, sand, and about six per cent 
of lime. (Fownes). 

395. Plate-glass is cast upon a flat metal table^ 
and polished by machinery. It is composed of 100 
parts of silica, 33 of carbonate of potash, and 20 
parts of carbonate of lime. 

396. It has been already stated, that the use of 
potash secures a clear, and, indeed, the only per- 
fectly colorless glass. The very beautiful Bohemian 
glass consists, according to Mitscherlich, of — 

Silica 60*0 

Potash 250 

Lime 12*5 

Manganese, alumina, and loss 2*5 



1000 

397. One of the most important parts of the glass- 
making process is that of annealing. This consists 
in arrangements for allowing the glass to cool very 
slowly, else it is apt to be brittle and to /Ig, as it is 
called. Tumblers and wine-glasses, when first 
bought, are treated by careful housewives in the 
following manner. They are put into cold water^ 
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upon which a little hay is placed, and this is care- 
fully raised to the boiling point. If the water is 
then ^allowed to cool slowly, the glass thus treated 
will stand any sudden change of temperature. The 
use of hay or such materials is to prevent any 
sudden contact of cold: in fact, to allow the cool- 
ing of the water to proceed evenly. 

398. When transparent glass is maintained for 
some time at a high heat, but below fusion, it be- 
comes opaque or translucent, fibrous in structure, 
harder, and less fusible. This is commonly called 
Eeaumuf's porcelain, and is, in fact, crystalline 
glass. 

399. The various kinds of glass have different 
degrees of hardness; the surface of glass being 
harder than the interior. The diamond is employed 
to cut it, for which purpose, the angles of the dia- 
mond should have a peculiar form. The curved 
facets of the diamond crystal present also curved 
edges, and while the point barely enters the glass, 
the curved edges or shoulders act like a wedge to 
split the glass in the direction of the cut. 

400. Glass is also very elastic, as may be shown 
by any strip of window-glass. 

401. The various colors are communicated to 
stained glass by metallic oxides. Oxide of man- 
ganese produces an amethyst color; oxide of cobalt, 
a blue; oxideof gold, a purple; sub-oxide of copper, 
a ruby-red; oxide of copper, a green; oxide of sil- 
ver, a yellow ; oxide of chrome, a green ; oxide of 
iron, a bottle-green, &c. 

402. In glass-painting, the oxides are applied to 
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the surface of the glass, which is then re-heated 
until fusion of the coloring-matter in the glass* 
surface takes place. 

403. An opaque white appearance is given to the 
enamel of watch-faces by oxide of tin. 

CHINA, STONEWARE, AND EARTHENWARE. 

404. The art of making pottery is intimately 
connected with the subject of glass. There are 
few branches of industry of greater antiquity than 
that exercised by the potter. The plastic qualities 
of clay, and its hardening when exposed to heat, 
are properties which suggested, in very early times, 
its application to the making of utensils for the 
manifold purposes of daily life. 

405. The slates and tiles with which our houses 
Bre roofed, the bricks of which they are built, the 
china of which our cups and saucers, the earthen- 
ware of which our plates are made, are nothing 
more than varieties, more or less pure, of the clays 
and marls so abundant on various spots of the earth, 
as to have induced men to build their cities upon 
them. 

406. What then is clay ? Pure clay is a beau- 
tifully white substance composed of silica and alu- 
mina. It is a true silicate of alumina. 

407. Alumina (contained in alum) or argil, as it 
is sometimes called, is the oxide of the metal alu« 
minum. Native alumina constitutes the sapphire. 
The oriental ruby and topaz are red and yellow 
varieties of this earth. Corundum and emery are 
minerals consisting of alumina, with less than two 
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per cent, of oxide of iron and silica. The crystal- 
line Tarieties of alumina are only second to the 
diamond, with respect to hardness. 

408. Aluminum is another of those rare and 
little known metals. It has a grey color, and 
perfect lustre. Its equivalent is 14: symbol Al. 
When heated in air, it takes fire, and bums with 
brilliancy, producing alumina: symbol Al^ O^. 

409. Alumina, as prepared in the chemist's labo- 
ratory, is a white, tasteless, coherent mass, possess- 
ing great mechanical attraction for water, which it 
greedily absorbs. Unlike potash, soda, and lime, 
it is a very weak base. Infusible in all furnaces, it yet 
yields to the heat of the oxy-hydrogen blow-pipe. 

Alumina then must not be confounded with clay, 
— a very common mistake. 

410. The only clay suitable for the manufacture 
of china, is the so-called china-clay, or kaolin; 
and even this substance is tlie result of tlie decom- 
position of more compound silicates than ordinary 
clay. The ancient unstratified rocks, but more 
especially granite and porphyry, contain largely a 
minevel, felspar^ which, under certain circumstances, 
and in the course of time, decomposes, loses its ori- 
ginal hardness, and becomes a mass of soft, white, 
earthy matter, resembling wet slaked lime. The 
exact nature of the change of felspar into clay is 
not precisely known; the felspar, a definite combi- 
nation of silicate of alumina with silicate of potash, 
acted upon by the carbonic acid of air, and by rain, 
parts with the silica and potash, and becomes con- 
verted into silicate of alumina or china-clay. 



202 CHEMISTRY OF 

411. In the manufacture of porcelain, great skill 
is required in the selection of materials. No oxide 
of iron must be present in the clay to mar the per- 
fect whiteness of the china. As the claj has to 
undergo intense and long-continued heat, no easily 
fusible materials must be left in, or added to it, 
beyond what is necessary to the production of a 
semi-translucent glassy texture, and to the preven- 
tion of too great shrinking. To effect all these 
objects, proper proportions of crushed flints and of 
felspar are intimately mixed with the clay, and 
great care is taken that the materials, when mixed 
with the proper quantity of water, form a uniform 
pasty mass, free from grit. China-ware is formed 
from it, either on the potter's wheel, or in moulds 
of plaster. These are then air-dried in a warm 
room, and being enclosed in baked clay cases, some- 
what resembling band-boxes, and called seggars^ 
are ranged in the furnace. This is a structure 
made of brick (somewhat resembling a kiln), having 
several fire-places, and surrounded by a lofty dome. 
The cases are so closely packed, as only to leave 
space for the full play of the flame. Here the ware 
is kept red-hot for many hours, and the fires are 
allowed to die out before the seggars are removed. 
Biscuit-ware is thus produced. This is afterwards 
glazed, by dipping it for an instant into a tub con- 
taining a mixture of certain proportions of felspar, 
or of gypsum, silica, and a little porcelain clay, dif- 
fused through water to a creamy consistency. The 
ware absorbs the water, and the powder remains 
evenly spread over its surface. It is once more 
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dried, and then exposed to a temperature suffi- 
dentlj high to melt the glaze. 

412. The colors employed in painting china are 
the same metallic oxides which are used for paint- 
ing and staining glass. The colors are mixed with 
oil of turpentine or oil of spike lavender, and are 
applied with a camel-hair brush. When several 
colors are used, those that bear a high temperature 
are first laid on, and burnt in, before those which 
can stand only a lower heat are applied. 

413. The gilding is generally done by applying 
finely-divided gold, mixed up with gum-water and 
borax (a salt of soda and boracic acid). Upon the 
application of heat, the gum burns off, and the 
borax, vitrifying upon the surface, causes the gold 
to adhere firmly. It is afterwards burnished. 

STONEWARE . 

414. A coarse kind of porcelain, containing both 
oxide of iron and lime, to which it owes its color and 
its partial fusibility, is called stoneware. The glazing 
is efiected by throwing common salt into the heated 
furnace. This is volatilized, and decomposed by 
the joint agency of the silica of the ware and of 
the vapor of water always present. Hydrochloric 
acid and soda are produced, the latter forming a 
silicate which fuses over the surface of the ware, 
and gives a thin, but excellent glaze. (Fownes.) 

EARTHENWARE. 

415. The pottery commonly called Staffordshire 
ware is made from a commoner white clay than 
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porcelain-claj, mixed with ground flints in const* 
derable quantities. 

416. The mode of manufacture is the same as in 
the case of china, but the glaze is different. It con-f 
sists of a mixture of about sixty parts of litharge, 
ten of clay, and twenty of ground flint, di£Pused in 
water to a creamy consistency. This glaze is veiy 
fusible. 

417. The painting on this ware is usually blue^ 
in consequence of the cheapness, and the facility of 
application of the oxide of cobalt. The pattern is 
flrst printed off upon paper, which is applied to the 
plate or other article before glazing. When the 
ink is dry, the paper is washed off, and the glazing 
completed. 

418. The whitish opaque glaze, which we see on 
the coarser kinds of earthenware, contains the oxides 
of lead and tin, and they are therefore unflt for 
culinary purposes. 
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QUESTIONS ON CHAPTEB VL 

355. Why is glass so beautifdl an artificial product ? 

356. By whom was glass discovered ? How may we sup- 
pose it to have been discoyered ? 

357. Was glass known to the ancients ? What two cities 
enjoyed a great reputation for glass ? What sum is Nero 
said to haye paid for two glass cups ? What is the history of 
the Portland yase ? Describe it. 

358. What city was most distinguished for its glass in the 
thirteenth century ? 

359. What state followed in the wake of Venice? 

360. Who introduced the glass manufacture into England ? 
What about the Druids ? Where was window-glass first ma- 
nufactured? In what year? Who was the patron of the 
Venetian artizans ? About what year ? 

361. What scientific instruments are alluded to by the 
writer in " The Bambler/' a paragraph firom which is given 
in this chapter? 

362. Is glass a natural product? What in nature most 
resembles it? What is the opal composed of? Name some 
of the varieties of silex. 

363. What are the chemical names for rock-crystal? What 
are some of its properties ? 

364. What is an acid? Does such a definition suffice? 
Give two definitions. 

365. Under what circumstances are the add properties of 
silica displayed ? 

366. Is silica ever soluble in water? Do you know any 
springs which contain it ? 

• 367. Is silica an element? What are the properties of 
silicon? What is the symbol of silica? What itssp.gr.? 
Can silica be fased? 

, 368. Is rock-crystal glass ? What then is glass ? 

N 369. What materials are osed^in the formation of glass? 
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What names are given to this ash of wood ? How and whero 
is it prepared ? Whence the name of potash ? 

370. Describe the appearance and properties of carbonate 
of potash ? What is potash ? Is it an element ? How may 
potassium be obtained ? What are its properties ? 

371. To what class of bodies does potash belong? Is am- 
monia an alkali ? YHiat distinction is nuide between potash 
and ammonia? 

372. What is the symbol of potassium? Its equivalent? 

373. What is the symbol of potash ? Of what is carbonate 
of potash composed ? 

374. What is soluble glass composed of? What use is it 
put to? 

375. How may glass be prepared ? 

376. What other constituent is commonly employed in the 
glass manufacture ? What is barilla? What use is made of 
it ? How much ash does it yield ? Is there any other mode 
of making carbonate of soda ? 

377. What is the carbonate of soda of commerce? How 
much water do the crystals contain ? 

378. What is soda composed of? How may sodium be ob- 
tained ? YHiat are its properties ? Its equivalent ? 

379. Do the silicates of soda resemble those of potash ? 
What color has soda-glass ? 

380. Is lime ever used in the preparation of glass ? KaoM 
some of the varieties of limestone ? Is carbonate of lime 
soluble in pure water ? 

381. When heated to redness, what changes does the lime-^ 
stone undergo ? What are the various names of the oxide ? 
How much does limestone lose in weight by burning? 

382. What is lime? How soluble in water? What efiect 
has water upon lime ? What is the common name for the 
process ? What is the cause of the emission of heat ? Is any 
use made of it by workmen ? 

383. How much chemical water does slaked lime contain? 
Does quick-lime occur in nature ? What change does it un- 
dergo by exposure to air? 

384. How is carbonate of lime taken up by water? How art 
atalaotites formed? What are the conditions of their formation? 
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385. What is lime the oxide of? What are the properties 
of calcium ? What is its symbol? What its equivalent ? 

386. Give the symbols of lime, slaked lime, and carbonate 
of lime. 

387. How is oxide of lead prepared ? What is its use ? 
Why are silicates of lead so valuable ? 

388. What is red lead ? Why is it preferable to the com* 
mon oxide ? 

389. Has glass a crystalline structure? What are its 
essential components ? What varieties of silex are employed? 

390. What salt is employed when pure glass is required? 
What is used for common glass ? What is the proportion of 
the raw materials ? What gas escapes in the process effusion? 

391. YHiy more especially is oxide of lead used ? 

392. What are the properties of a lead glass? What is the 
name of lead glass ? What objection is there to it? 

393. What technical name does the mixture of materials for 
the glass manufacture bear ? How is their fusion conducted ? 

394. Describe the manufacture of crown glass ? 

395. How is plate glass made ? What is it composed of? 

396. What is Bohemian glass ? 

397. What do we mean by the term annealing? How is it 
accomplished ? How should new tumblers, &c. be annealed? 

398. What change does glass undergo when long heated ? 
What is it called? 

399. Does glass vary in hardness ? How does ihe diamond 
cut glass ? 

400. Is glass elastic ? How may this be proved ? 

401. How are colors communicated to stained glass ? Can 
you name some of them ? 

402. In glass painting how are the oxides applied ? 

403. How is an opaque-white appearance given to watch 
faces? 

404. What are the chief properties of clay ? 

405. Name a few household articles made of clay? 

406. What is clay chemically speaking ? 

407. What is alumina? What gems are composed of 
alumina? What is emery composed of? What is a leading 
feature of crystalline yarieties of alumina? 
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. 408. What is aluminum ? What are its properties ? Its 
equivalent ? Symbol ? 

■ 409. What are the properties of alumina? Are then 
alumina and clay convertible terms? 

410. What is the name of the only clay suitable for the 
china manufacturer ? What is it formed from ? How is it 
formed? 

411. Why may no iron be present in any of the raw mate* 
rials ? Describe the process of manufacture ? What is bb- 
cuit-ware? How is the glazing done? YHiat istheglaae 
composed of? 

412. What colors are employed in painting china? Ex- 
plain the process. 

413. How is gilding accomplished ? 

414. What is stoneware? In what does it differ from 
porcelain ? How is the glazing effected ? 

415. What is Staffordshire ware? 

416. What is the glaze made of? What is its chief pro- 
perty? 

417. How is the painting done ? What is the usual color? 
Why? 

418. Of what nature is the glaze of coarse earthenware? 
Why does it unfit such vessels for culinary purposes? 



CHAPTER VII. 



CHEMISTRY OF SOAP. 



419. In a cbemical point of Tiew, the manufac- 
ture of soap is extremely interesting, and forming, 
as it does, one of the most important articles of 
domestic use, a short account of its composition, 
and the process of its manufacture, should not be 
omitted in a work professing to illustrate household 
chemistry. 

420. The Latin word Sapo, and the Greek IidTotv 
(Sapon), signifying soap, are undoubtedly derived 
from the German; for we find the corresponding 
word Sepe is still used in the Low German dialect. 
Pliny, who makes the earliest mention of soap, 
declares it to be an invention of the Gauls, though 
he states his preference for the German over the 
Gallic soap. Both hard and soft soaps were in use 
among the Germans. Pliny states it to have been 
made from tallow and ashes, and that it was em- 
ployed as a medicine as well as for cleansing pur- 
poses. 

. 421. It appears certain, that in remote periods. 
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clothes were cleansed simply by rubbing, or by 
stamping upon them in water, without the addition 
of any extraneous substance. In the sixth book of 
Homer's Odyssey, Nausicaa and her attendant are 
described as washing their clothes by treading upon 
them with their feet, in pits which they had filled 
with water. 

422. At a later period, mention is made of the 
employment of a lye of ashes for washing, and for 
cleansing oil and wine jars; and there can be little 
doubt that a solution of wood-ashes, or of impure 
carbonate of soda, must have been used for these 
purposes. 

423. The ancients appear also to have employed 
at least one description of plant with a saponaceous 
juice, as a substitute for soap, but the precise species 
used cannot now be ascertained; it is also certain 
that they made use of fuller*s-earth much more ex- 
tensively than is done ^t present.— (i^eeAman's His- 
tory of Inventions.) 

424. Soaps are, chemically speaking, compounds 
of the fatty acids with alkalies. The process of 
saponification will not be difficult of comprehension 
after the preparation the reader has had in the 
numerous allusions to the subject. At pages 58 
and 59, somewhat of the nature of oils and fats has 
been described ; and although the information there 
given requires to be somewhat expanded, no new 
terms will be needed in the explanation of the 
subject. 

425. Our information upon the subject of oils 
and fats is very considerable ; no branch of chemis- 
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try having been studied with more decided success. 
These substances form a natural group, in which 
animal and Tegetable fats are closely allied. All 
oilj substances maybe divided into Jlxed and volatile. 
When dropped upon paper, both kinds produce a 
greasy stain, which, in the case of a volatile oil, 
disappears when heated, but remains when produced 
by a fixed oil. It follows from this, therefore, that 
the volatile oils alone are odorous ; and wherever a 
fixed oil is perceived to be possessed of smell, we 
may be sure that it is an indication of the presence 
in it of a volatile oil. This is well illustrated by the 
case of butter, (see pp. 88, 89). The margarin and 
olein have nb smell, but the butyrin, amounting to 
three per cent, gives both smell and taste. 

426. A very important property of oils is that of 
drying or not drying by exposure to air. The terms 
drying and non-drying can only be applied to fixed 
oils, as a volatile oil (for example, attar of roses) 
so exposed would fiy off in vapor. All oils are 
altered by exposure to air. In the case of the oils 
used in making paints (linseed, rape, walnut, and 
poppy), they absorb oxygen, and become hard and 
resinous. Animal fats and oils, as well as olive 
and palm oil, likewise attract oxygen, which, how- 
ever, makes them acid and rancid, but never dries 
them. 

427. We find also in fats, a great difierence as 
regards hardness. Between the very fluid olive 
oil and hard mutton suet, lie the greatest varieties 
of consistency, — the di£ference depending upon the 
proportion in which the great fatty principles are 
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mingled. It is as easy to mingle them in any pro- 
portions, as to separate them. Thus, olive oil, ex- 
posed to a temperature a little above the freezing 
point, deposits a solid fat, and separates into two 
distinct substances : olein, a liquid, and margariny a 
solid substance of pearly lustre, separable by simple 
pressure from the olein. Again, if suet be pressed 
between folds of blotting paper, whilst the pqter 
will be found stained with olein, the suet itself will 
have become much harder, less fusible, and less te- 
nacious. It consists now of margarin and stearin, 
the latter a white and lustrous substance. 

428. In the process of saponification, the acids of 
the three substances, olein, margarin, and stearin, 
combine with the potash or soda; the essentials in 
this process forming soap, while the glycerin is set 
at liberty. 

429. Soap is therefore a true salt, the acid being 
oleic^ margaric, or stearic, the base potash or soda. 

430. The alkaline ingredients of soap are, then, 
either potash or soda. At page 190, carbonate of 
potash has been mentioned as being used in the ma- 
nufacture of glass: caustic potash, which is em- 
ployed in the soap manufacture, is prepared from it 
in the following manner: — One pound of carbonate 
of potash is dissolved in ten pounds of boiling water 
in a clean iron vessel. Into it is stirred by degrees, 
three-quarters of a pound of quick-lime, previously 
slaked. After a few minutes' fierce boiling, it will 
be found, on examination, that the carbonate of 
potash has parted with its carbonic acid to the lime, 
(irhich has become in part converted into carbonate 
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of lime,) and a solution of caustic potash in water 
has been obtained. It is removed from the fire, 
and will be found, after the lapse of a verj short 
time, to consist of a dear solution of potash, which 
should be carefully poured off from the heavy sandy 
precipitate of chalk, and excess of lime. The solu- 
tion possesses, in the highest degree, the properties 
termed alkaline. It dissolves the skin, when sub- 
jected to its action. It restores the blue color to 
reddened litmus paper ; combines with, and neutral- 
izes the most powerful acids, and is possessed of a 
most peculiarly nauseous and biting taste. It imites 
with fats and oils to form soap, as explained; hence 
the term 8oap4ye given to the solution of caustic 
potash. 

431. Pure caustic potash, freed from mechanical 
water, is, like slaked lime, a true hydrate, and is re- 
presented by the formula KO, HO. 

432. On account, however, of its greater cheap- 
ness, caustic soda is more generally used in the 
manufacture of soap than potash. 

433. The source from whence all carbonate of 
soda is now obtained, has been indicated at page 192; 
but the process requires further description. Until 
within the last thirty years, nearly all the soda of 
commerce was obtained by reducing marine plants 
to ashes. Barilla, of good quality, contains about i 
of its weight of soda. It used to be an important 
article of conamerce, until the salt duties were 
repealed. The now common process for obtaining 
soda by the decomposition of sea-salt, was invented 
by a French gentleman of the name of Leblanc, to- 
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wards the close of the last centarj. The supply of 
Spanish barilla being cut off from France during 
the cessation of the commercial intercourse between 
France and Spain, at the time of the first great 
French Bevolution, the national convention of 
France applied to the French chemists for a new 
source of soda. M. Leblanc hit upon a plan which 
is now carried on upon a prodigious scale in both 
England and France. The dutj on salt alone pre- 
vented the early adoption of the plan in England : 
but since its repeal, both kelp and barilla have be- 
come valueless as sources of soda. 

434. The materials employed in the soda manu- 
facture are: chloride of sodium (common salt), sul- 
phuric acid (oil of vitriol), small coal, carbonate of 
lime (chalk), and charcoal. 

435. The first step is to convert the chloride of 
sodium into sulphate of soda — ^to change sea*salt 
into Glauber salt. This is accomplished in the 
decomposing furnace, by sulphuric acid. The che- 
mical change which the salt undergoes, may be ex- 
pressed by the following diagram : — 

Raw Materials. Besnlts. 

1 A 



Chlorideof Sodium {^Z" ;:::::- Hy'^t^Sf''"' 



\^- 



Oa of ? Water j Hydrogen, .^ 

v^'^oii Sulphuric Acfr;:::;::::::::';:-:?^. ^X'o, 80.*!^ 

From which it appears, that the water contained in 
sulphuric acid is decomposed; its hydrogen com- 
bines with the chlorine : whilst its oxygen oxydizes 
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the sodium, and enables it to combine with the sul- 
phuric acid. 

436. The dry sulphate, technically known as the 
salt-cake, is, in the next place, calcined (burnt) with 
chalk and small coal. The proportions recommended 
by Dr. Ure, are, 10 parts of salt-cake, from 1 1 to 
12 parts of chalk, and five of coal. By the fusion 
of the sulphate of soda with the coal, the former 
parts with the whole of its oxygen to the carbon 
and hydrogen of the coal; carbonic oxide and water 
are formed and dissipated by the heat, while sul- 
j^hide of sodium (Na S) remains. But by the admix- 
ture of chalk in excess, a still further change takes 
place : carbonate of soda and oxy-sulphide* of cal- 
cium are formed. The fused mass being raked out 
of the hearth of the furnace, solidifies, and is known 
in the market as crude or ball-soda, British barilla, 
or black-ash. 

437. In the preparation of soda-ash, a series of 
iron cisterns is placed side by side, one a little below 
the adjoining one. A stream of fresh water enters 
the uppermost cistern, and flows out through a pipe 
leading from near its bottom, to the top of the next 
lower cistern, — the temperature of the whole being 
maintained at near 100^. The crude soda is placed 
in iron boxes perforated with holes, which are sus- 
pended in the cisterns just below the top of the 
liquid, so that the heavy solution formed sinks to 
the bottom, and is carried by the pipe to the next 

* An oxy-sulphide is a combination of. a sulphide with an 
oxide: thus, oxy-sulphide of calcium is represented by the 
formula CaS + Ca 0. 
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lower cistern. The boxes containing the fresh 
crude soda are placed in the lowermost cistern, and 
successivelj transferred to the higher ones, where 
thej meet with a less saturated solution, until in the 
highest thej are exhausted bj fresh water, and oxy- 
sulphide of calcium remains. The Ije of the lowest 
cistern being concentrated, is partly eiraporated in 
leaden pans, during which the crystals of carbonate 
of soda falling to the bottom, are raked out and 
drained. The remaining liquor (mother-liquor), 
containing caustic soda and sulphide of sodium, is 
evaporated to dryness, mixed with charcoal, or saw- 
dust, and heated to redness in a furnace, whereby 
the sulphide is decomposed, and the whole [changed 
into carbonate. 

438. To obtain the crystallized carbonate of soda, 
the purified ash is dissolved in hot water, and al-> 
lowed to crystallize in shallow pans of iron or lead* 
The crystals are composed of : — 

Soda 21*81 

Carbonic acid 15 '43 

Water of crystallization . . . 62*76 



10000 



Formula NaO, CO^ + ioHO. Exposed to air, they 
fall to powder, and, at the same time, lose one-half 
of their water of crystallization. 

439. The white powder sold by druggists as car- 
bonate of soda, which is employed in making effer- 
vescing draughts, and in removing acidity from beer, 
is a bi'carhonate of soda^ inasmuch as it contains 
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two equivalents of carbonic acid to one eq. of soda. 
Symbol NaO, 00* + HO, C0». 

440. The description of the process employed in 
the manufacture of caustic potash, applies to that 
of soda. In preparing a lye for the soap-manu- 
facture, the mixture of lime and carbonate of soda, 
or soda-ash, is placed in large cast-iron vats, and 
covered with water, and after some hours, the lye is 
withdrawn through a plug at the bottom of the vat. 
A purer caustic soda solution may be prepared by 
boiling, in a clean iron-pot, a solution of two parts 
of crystallized carbonate of soda, in eight parts of 
water, with about one part of slaked lime, until a 
little of the liquid ceases to effervesce on addition 
of acid. 

441. When mutton-fat or tallow is boiled for a 
time with either potash or soda, it gradually dis- 
solves, forming with the alkali a soap soluble in 
water. 

442. The chief soaps manufactured among our- 
selves are called white, yellow, mottled, brown, soft, 
and silicated. 

443. Soaps are either hard or soft; the former 
being compounds of fats or oils with soda — the 
latter with potash. Soft soap is made with potash 
and drying oils, either alone, or mixed with tallow, 
and other coarse and fatty matters. The best hard 
white soap is made from olive oil and soda. The 
oil is mixed with the lye, and boiled in an iron pot, 
until the fat is completely saponified, which may be 
known by its becoming clear and transparent. The 
boiling is continued until the soap begins to sepa- 
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rate, and this result is accelerated by the addition 
of common salt. White soap is sometimes composed 
of tallow and soda. Yellow soap is made of taUow, 
resin, and soda, a little palm-oil being occasionally 
added. The peculiar appearance of mottled soap^ 
formed of tallow, kitchen-stufif, and soda, is com- 
municated bj dispersing the lees through it towards 
the end of the operation. Brown soap is made from 
palm-oil, rosin, and soda. 

444. The so-called silicated soap, of which large 
quantities are now manufactured, is made by com- 
bining silicate of soda, or soluble glass, with hard 
soap, in the hot pasty state; from 10 to 30 per 
cent, may be introduced. Such soap possesses, ac- 
cording to Dr. Ure, very powerful detergent quali- 
ties, but it is apt to feel hard and somewhat gritty 
in use. The silicate of soda, with excess of soda, is 
obtained by boiling ground flints in a strong caustic 
lye. (See p. 213, par. 430.) 

445. Many substances are used to adulterate 
soap, such as clay, potato-starch, &c., for which 
improvements, as they are termed, numerous patents 
have been granted. 

446. A true and good soap should be a definite 
chemical compound, and any excess of water, or the 
presence of saline matters, detracts from its value. 

447. Soap is soluble in pure soft water, without 
decomposition. But when waters contain gypsum, 
which, with other saline constituents, make water 
hard, then it is decomposed. At first the water be- 
comes full of fiakes, and the cleansing properties of 
the soap are not brought into play until the action 
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of the acids of the salts, present in the water, upon 
the potash or soda in the soap, has ceased. Thus, 
when gypsum, or sulphate of lime, in solution, is 
brought into contact with soap, the potash or soda 
combines with the sulphuric acid, and an insoluble 
lime-soap separates in white flakes from the water. 
This fact explains the importance of soft water for 
domestic purposes, and indicates the cause of the 
great waste of soap by the use of hard water: 

448. The cleansing property of soap is due to 
the fact, that the greater part of the dirt upon our 
linen, or our clothes, consists of oily perspiration, 
grease, or of dust which that grease fixes, and 
which either cannot be removed at all, or but very 
imperfectly, by washing in water alone. But if 
soap be used, its alkaline character displays itself; 
the grease unites with the potash or soda, and 
forms, in fact, a soap, which may then be removed 
hj water. 

449. The effects of soap upon the skin will be 
more apparent when the nature of it is described. 
If any one examines his skin he will find its thick- 
ness varies in different parts of his body. The more 
we work or use our skin, the thicker it grows in 
the parts most exercised. The skin is composed of 
three coats or layers fitting close to each other, and 
covering every portion of the body. The inner- 
most layer, which is the thickest, is called the der^ 
mis, cutis, or tnie skin : it is the seat of touch and 
feeling. It consists of two strata — a superficial or 
papillary stratum, and a deeper or fibrous stratum 
•called the corium. The outer surface of the dermis 
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is characterised by a number of small conical pro« 
jections, called papillae. It is these papillsd whidi, 
by their erection, give rise to that pecaliar rough 
appearance of the skin that is observed in winter, 
and which is known by the name of goose-skin. 
According to Simon, warts are nothing more than 
these papillflB elongated and covered with skin 
proper. Immediately upon the inner skin lies the 
outer, or scarf-skin (epidermis), a peculiar horny 
membrane, thrown out upon the surface of the 
cutis. With this every one is familiar. When in a 
state of health, it is always undergoing renewal; 
the dermis continually pushes up a number of little 
round cells which become flattened and hard, when 
in contact with the air, and lap one over another 
something like the scales of a fish. These scales 
are not visible to the naked eye; but as there is a 
never-ceasing supply of the little cells from be- 
neath, so there is a constant wear and rubbing off 
of the outer surface. From head to foot the process 
is always going on; and a little attention to this 
fact will show the great benefit that must result 
from habitual cleanliness. 

450. The skin has a most important duty to per- 
form, on which health is greatly dependent. This 
duty is the throwing off of the perspiration, which 
is accomplished by means of the little tubes or pores 
found in every part of the skin. Commencing at 
the surface, the tubes pass inwards, twisted like a 
corkscrew, to the underside of the dermis, where 
they terminate in little balls or glands, in which the 
perspiratory matter is formed. The number of 



SOAP. 221 

these pores is so great that 3528 have been counted, 
in a square incby on the pakn of the hand. As- 
suming each of these pores to be a quarter of an 
inch in length, and the surface of the body to con- 
tain 2500 square inches, the number of pores has 
heen calculated at 7,000,000, and their length nearly 
'28 miles. This length of drainage, this breathing 
ifrom the skin, is one of the means employed by 
:nature for throwing off waste material which would 
'be injurious to the body, and for preserving it at 
:an equable temperature. The quantity of watery 
matter thrown off in the shape of insensible per- 
rspiration, amounts to thirty-three ounces in the 
twenty-four hours : a quantity so enormous, that, 
if checked by cold or impurity, must disturb the 
general health. 

451. Besides the perspiratory tubes, the whole 
extent of the skin, except the palms of the hand 
and the soles of the feet, contains a second set 
penetrating also through the inner skin, from 
whence they pour out oil to the surface, which is, 
by this means, kept smooth and pliant. Were it 
not for this oil, the outer skin would become harsh 

' and dry, and peel off : but the tubes through which 
it passes are most numerous on the face, head, and 
joints, these parts being most exposed to external 
influences, or to constant friction while in exercise. 
It also assists in retaining the warmth of the body, 
and at the same time prevents injury from the oc- 

•*casional contact of noxious substances*. 

452. From these statements we learn that the 

* Sec Erasmus Wilson on the Skin. 
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skin, as the natural covering of the body, has the 
duty of throwing out two fluids, the one consisting 
of waste and noxious watery matter, the other an 
oil, necessary to keep it in health. The simplest 
and best means of keeping the skin in health must be 
by bathing and washing. But water by itself, be 
it ever so soft, is not always sufficient. Hence we 
call in the aid of soap, which dissolves the coat 
of oil, and more speedily renews the epidermis. 
(Manual of Public Health.) 

453. FuUer's-earth, a grey clay, acts, partly by 
scouring, partly by absorbing the greasy dirt. 

454. If cleanliness be, as the proverb hath it^ 
next to godliness, the manufacture of soap must 
needs be an important one; so much, at any rate, 
does the comfort of a community depend upon this 
useful article, that the consumption of soap has been 
considered by Liebig to afford a good test of the 
comparative civilization of nations. In our country 
it is manufactured on a very large scale ; and great 
quantities are annually exported to foreign coun- 
tries. Owing to its universal use it has been con- 
sidered a good means of raising a revenue; and in 
England, since the reign of Queen Anne, it has 
been more or less heavily taxed. Only in the pre- 
sent parliament (1853) has the tax been repealed. 
There is no doubt that taxation has acted as a con- 
siderable check upon the free use of soap, and, at 
the present time, when such general attention is 
directed to all matters affecting the sanitary condi- 
tion of the population, the importance of the unre- 
stricted use of soap is generally felt. The quan- 
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titj consumed, in spite of restrictions, is known 
to be very large; in 1848 it amounted to nearly 
190,000,000 lbs. 

455. And here, perhaps, is the fittest place to 
say a few words on the chemistry of bleaching. 
In the old process, every piece had to be exposed to 
the air and light during several weeks in the sum- 
mer, and kept continually moist by hand-labor. It 
is remarkable that we cannot yet fully explain the 
manner in which atmospheric bleaching is per- 
formed. We find that air and moisture oxydize 
and render soluble the color on the fibre of cotton 
and linen ; but whether by the action of ozone or of 
peroxide of hydrogen, we know not. 

456. Peroxide of hydrogen is certainly a won- 
derful bleaching agent. It is prepared artificially 
by communicating nascent oxygen to water. Li 
composition it is water, plus oxygen; its symbol 
HCy. Peroxide of hydrogen is a colorless, trans- 
parent, inodorous liquid, of a bitter astringent taste. 
Sp. gr. 1 '452. It bleaches litmus, whitens the skin, 
and produces pain. Unfortunately it is trouble- 
some to make, and very difficult to keep. 

457. The great bleaching agent of modern days 
is chlorine; by which means, in one establishment 
alone, no less than 1 400 pieces of cotton are bleached 
daily throughout the year. 

458. Chlorine is contained in common salt, a bi- 
nary compound of chlorine and the metal sodium. 
In the process of manufacturing sulphate of soda^ 
(see p. 214) hydrochloric acid is largely obtained : 
and it is by the action of one part of hyperoxide of 
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manganese upon two parts of hydrochloric acid, that 
chlorine is hest prepared. 

459. The theory of the process will be best illus- 
trated bj a diagram, which exhibits the formation 
of 2 equivalents of water, 1 eq. of chloride of man- 
ganesCy and 1 eq. of chlorine. 

1 Chlorine Chlorine 
Chlorine -** 
Hydrogen -.I^v 
Hjdrc^en ,'^JJy^:z^zwm^ 2 Water 

leq.ofh3npero«de)^xygen ;;:;:>'X Chloride 
of [-Oxygen - \ of 
Manganese. ^ Manganese ^Manganese 

460. Chlorine (from x^«^poc, chloros, yellowish- 
green, see p. 167) is a most useful gas, on account of 
its bleaching or destroying color, andis employed, not 
only for bleaching linen and calico, but also in calico 
printing, for producing white patterns on colored 
grounds. For such purposes, chlorine in the form 
of gas, would be very unmanageable, — ^the more, on 
account of its dangerous properties when inhaled, 
even in small quantities. Even a solution of chlo- 
rine in water is unavailable, partly because the 
water is possessed of all its dangerous properties, 
and partly because water can only dissolve twice its 
own bulk of the gas. 

461. A sufficient agent for absorbing chlorine is 
lime : the result of the combination being familiar 
to all under the name chloride of lime, or bleach- 
ing POWDER. The chlorine in this combination is 
held with such little force, that even the carbonic 
acid of the air slowly liberates it: but if we require 
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large quantities, we have only lo employ an acid, 
such as sulphuric or hydrochloric, to effect every 
purpose. 

462. Bleaching-powder was first discovered and 
manufactured by Mr. Mackintosh: it is prepared on 
a large scale, by passing chlorine over slaked lime, 
until the former ceases to be absorbed. Strictly 
speaking, chloride of lime is a mixture of hypo- 
cuionie of lime, chloride of calcium, and water, as 
the following diagram will shew: — 

CaO 

r ' -^ Hypochlorite of 

O :- -. -r^'-^''" lime=Ca O, CI O, 

2 Chlorine I 9]""^^ ^""--.^ 

) \^l ^-^^ Chloride of calcium 

2 Water J ^X > 

> no ---r_-_-_-r-_--.-.^. Water=HO. 

463. Chlorine is also a great disinfecting agent : 
in form of chloride of lime, it should be in every 
household. Even when slowly-generated, it re- 
moves the most offensive odors: sulphuretted hy- 
drogen yielding at once to its powers. 



2 Lime 
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QUESTIONS ON CHAPTER Vn. 

419. Why is soap important? 

420. What is the word soap derived from ? Where was it 
inyented ? What does Fliny state with reference to it ? 

421. How were clothes washed in remote periods ? Do we 
read anything about washing in Homer ? 

422. What other mode of washing was employed at a later 
period? 

423. What juices did the ancients employ as a substitute 
for soap ? Did they ever use fuller's earth ? 

424. What are soaps, speaking generally ? Is the subject 
of saponification difficult to understand ? What do you know 
of it? 

425. Do the animal fats differ from vegetable ? Into what 
classes may all oily matters be divided ? What distinguishes 
them as regards volatility ? Which oils are alone odorous ? 
What example have we in the case of butter ? 

426. What do we mean by drying and non-drying oils ? 
Do animal fats attract oxygen ? Do they harden ? 

427. Is there any difference in the hardness of fats? In 
what consists this difference ? Is it easy to mingle the various 
fatty matters? Give examples. Describe the difference 
between olein, margarin, and stearin ? 

428. Explain the nature of the change which fats undergo 
when boiled with potash or soda. 

429. What then is soap ? 

430. Is carbonate of potash used in the glass-manufacture? 
What alkaline ingredients are used in the soap-manufacture? 
How is caustic potash prepared ? What are its properties ? 

431. In what respect is pure caustic potash like slaked lime? 

432. Is caustic soda much used in the soap-manufacture ? 
Why? 

433. What was the original source of soda ? Is barilla now 
much employed? Why not? What led to its disuse ? Who 
discovered the new method of manufacture ? What prevented 
its immediate introduction into England ? 
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434. What are the materials employed in the manufacture ? 

435. What is the first step in the process ? Can you ex- 
plain it? Write the change down upon paper. By what 
name is the dry sulphate known ? 

436. What is the next step ? What changes do the mate- 
rials undergo ? 

437. How is the remaining part of the process accomplished? 

438. How is crystallized carbonate of soda obtained ? What 
does it consist of? What is its formula ? 

439. Is there any other carbonate? What is its correct 
name ? What is it used for? 

440. How is the soda-lye obtained ? Describe a method of 
preparing a purer kind of lye. 

441. What effect* has boiling potash or soda upon tallow? 

442. How many kinds of soap are there ? 

443. How is soft soap made ? What materials is the best 
hard white soap made from ? How is it made ? How is 
mottled soap made? What is brown soap? 

444. What is silicatcd soap ? What are its properties ? 

445. What substances are used to adulterate soap ? 

446. What is the characteristic of a pure soap? 

447. Is soap soluble in pure water ? Explain the nature of 
the decomposition which soap undergoes in hard water? 
What does this fact prove ? 

448. To what is the cleansing property of soap due? 

449. What is the nature of the skin ? Of how many coats 
is it made ? Describe them. What gives rise to the sensa- 
tion of goose-skin ? What are warts ? What change is the 
epidermis ever undergoing in health ? Why does it prove 
the necessity of cleanliness ? 

450. What further duty has the skin to perform ? How 
many pores have been counted on a square inch ? What is 
the chief object of this extent of drainage ? ' How much per- 
spiration is thrown off daily ? 

451. Is there any other set of pores? What purpose do 
they subserve? Of what nature are they ? 

452. State the obvious duties of the skin. Why do we use 
soap in addition to soft water? 

453. How does fullers earth act? 
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454. Is a soap- tax judicious? When was it repealed ? How 
much soap is said to be used in England ? 

455. How was the process of bleaching performed in olden 
times ?- What effect has air in the process ? 

456. What is peroxide of hydrogen ? What is it composed 
of? Of what use is it ? 

457. What is the great modern bleaching agent? 

458. How is chlorine made ? 

459. What is the theory of the process ? 

460. For what purposes is chlorine prepared ? Why can- 
not chlorine gas be used ? Why not a solution of it in water? 

461 . What is the best agent for absorbing chlorine ? What 
is the name of the compound? 

462. Who discovered bleaching powder ? How is it made ? 
Of what is it composed ? * 

463. For what other purpose may chlorine be employed? 



CHAPTER VIII. 



THE CHEMISTRY OF HOUSEHOLD METALS. 



464. The grand store-house of the metals is the 
earth, which, however, as a rule, does not contain 
them in the form in which we are familiar with 
them, but in combination — either with one anotheb, 
with oxygen, with chlorine, or with sulphur. 
When combined with each other they are termed 
alloys; in combination with oxygen, oxides; with 
chlorine, chlorides; and with sulphur, sulphides 
or sulphurets. 

465. The number of metals known to chemists 
is forty-seven; but many of these are so rare that 
their properties cannot be made matter of general 
observation. Household metals, strictly speaking, 
are only eight in number ; viz., gold, silver, 
quicksilver, zinc, lead, tin, copper, and iron. 
They are distinguished by certain physical pro- 
perties. 

466. Their most striking character is what is 
commonly termed metallic lustre. The thinnest 
leaves of metals intercept the passage of light so 
completely, that this property is, no doubt, con- 
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nected with, if not dependent upon, the degree of 
opacity which all present. 

467. Metals are not soluble in water, and are 
therefore tasteless. 

468. The difference of specific gravity in 
metals is most remarkable. Whilst potassium and 
sodium are lighter than water,' gold is upwards of 
nineteen times as heavy. 

469. In point of color, the household metals ex- 
hibit every variety. Copper is red, and gold yellow, 
but the rest present a great degree of uniformity, 
ranging between the brilliant whiteness of silver 
and the dull grey tint of lead. 

470. In FUSIBILITY, or the degree of heat at 
which they melt, metals differ most widely. From 
quicksilver, which is liquid at all ordinary tempera- 
tures, to pure iron, which requires the heat of a 
blastfurnace; and from this again to metals of the 
nature of platinum, which is infusible in furnaces, 
— a variation of several thousand degrees of heat is 
to be found. Some metals soften and assume a 
pasty state before they become liquid. This is the 
case with iron, which thus admits of being welded, 
or united together without solder. Thus a bundle 
df small pieces of iron, when heated to redness, 
may be joined together into one solid lump by a 
few powerful strokes of the hammer. It is this 
property of fusibility which enables us to separate 
some metals from their dross, and to form every 
variety of instruments from them when so ob- 
tained. 

471. There can be little doubt that metals are 



HOUSEHOLD METALS. 231 

capable of assuming all the three forms of matter. 
Quicksilver boils and volatilizes at a temperature 
much below red-heat, and becomes a solid at 39* 
below the zero of Fahrenheit. Were a sufficient 
amount of heat obtainable, even those metals which 
now appear exceptions would, doubtless, be found 
to follow the same rule. 

472. Some metals possess the property of mal 
LEABiLiTY, or the power of extension under the 
hammer, to an amazing extent. Of this, gold leaf 
is a remarkable example. Zinc stands in the mid- 
dle, between the malleable and brittle metals. The 
metals arsenic and antimony are entirely destitute 
of malleability; instead of being flattened out by a 
stroke of the hammer, they fly in pieces. 

473. Now, DUCTILITY difl*ers from malleability, as 
it involves the principle of tenacity, or the power 
of resisting force. The art of wire-drawing de- 
pends upon this ductile property of metals. 

474. All metals are conductors of heat and 
ELECTRICITY. A loug picce of wire held in the 
hand becomes hot when heated in the fire, the heat 
being conducted to the fingers. A metallic wire 
several hundred miles long instantaneously conveys 
electricity from one end to the other. 

475. Lastly, it may be said that most metals are 
capable of assuming regular forms, or of crystalli- 
zation. The cause of crystallization is not cer- 
tainly known. When a mineral yields crystals of 
more than one form, one of these, and generally 
that from which the others can be most readily ob- 
tained, is called the primitive crystal^ and the others 
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are considered as modifications of it. The most 
common crystalline shapes are the cube and the 
octohedron (p. 13). 

476. The nataral compounds of metals are called 
OBEs. Metallic ores do not generally form large 
beds or extensive strata in the crust of our globe, 
but are usually found in clefts, rents, or fissures, 
called veins. The process for getting the ores out 
of the veins is called mining — a term also applied 
to the getting of coal, salt, &c. The mode of pro- 
ceeding varies. The mining operations are the sim- 
plest when the vein is in strata, composing hills, or 
rocks, or mountains. If the vein be exposed at the 
surface of the ground, the mineral is simply dug 
out, and the excavation thus made serves as a pas- 
sage to the interior of the mountain, in following 
the vein. When the vein does not appear exter- 
nally, or when it takes a new direction, after being 
followed for some distance, access to it is obtained 
by adits or levels (horizontal galleries), dug from 
the sides of the hill, till the vein is arrived at. 
Similar galleries are also sometimes constructed to 
carry off the water which drains through the higher 
part of the mountain, and which would otherwise 
impede operations. When the mineral lies in strata 
considerably below the surface of the earth, then a 
perpendicular pit or shaft (like a well) is sunk to 
the requisite depth; and from the bottom or sides 
of this, horizontal galleries are carried to the beds, 
veins, or strata, sought. The mode of affording 
support to the superincumbent mass of earth, or 
rock, left without any, by the excavation of the 
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mineral, depends upon its value. When the mine- 
ral is valuable, the roo}^ or cavern overhead left by 
the removal of the ore, is propped up by timber or 
pieces of masonry; but in mines of coal or salt, the 
whole bed is not dug out, but masses of it are left 
like columns, to support the roof of the mine. Of 
course the ventilation of mines is important. The 
mode usually adopted is to cause a current of fresh 
air, from the surface of the earth, to descend one 
skaftf or one half of a shaft, to supply the place of 
the impure or noxious air, which is caused to rise 
through another shaft, or through the other half of 
the same. This ascent of impure air is effected in 
most cases by large fires made at the bottom of 
the shaft, the air in which, being thereby heated, 
ascends, and causes an upward current, supplied 
by the air of the mine; and to obviate the forma- 
tion of a vacuum, fresh air must descend into the 
mine by another passage. 

477. When metals occur nearly pure, they are 
then said to be found native. 

478. Only a few are thus found, for one of the 
most general characteristics of the metals, is com- 
bustibility in oxygen. As we might expect, from 
the great heat to which our globe was once exposed, 
most metals are met with in an oxydized state. 

479. Now OXIDES vary both in name and charac- 
ter, according to the quantity of oxygen they con- 
tain. The rule as concerning the names of metallic 
oxides is very simple. That oxide which has the 
greatest tendency to form a salt with an acid, and 
which, in its properties, most resembles potash, is 
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called a protoxide. The compound next succeed- 
ing is called binoxide, dentoxide or peroxide. 
When there are three basic oxides or salifiable 
bases, (as they are called) the intermediate grade 
is called a sesqui-oxide. E.g. the metal tin has 
three basic oxides, protoxide, sesqui-oxide, and 
peroxide. 

480. Any compound containing less oxygen than 
a protoxide, and not possessed of basic properties, is 
called a suboxide: whilst one containing more oxy- 
gen than the highest basic oxide, and yet destitute 
of acid properties, is called a hyperoxide or super- 
oxide. 

481. The names given to salts are derived from 
the acids they contain. If the name of the acid 
terminate in ic, that of the salt is made to end in 
ate ; if in ous the name of the salt ends in ite. 
Thus carbonic acid forms carbonates; sulphurous 
acid, sulphites. 

482. Supposing a metal to have three basic 
oxides, then the salts of each are distinguished by 
the prefixes, proto, sesqui, and per (bin or deuto). 
Thus we may have a protosulphate, sesquisulphate, 
and persulphate. 

483. This nomenclature is by no means complete, 
but will explain every term employed in the present 
and in former chapters, and is a fit introduction to 
the subject of metals proper. 
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1. Gold. Latin, Aurum. Symbol, Au. Eq. 197. 
Sp. gr. 19-26. 

484. Although traces of this noble metal are to 
be met with in every country in Europe, yet the 
labor of obtaining it is so great, as to render it the 
most expensive of all metals. It is always found 
native, usually associated with quartz and other 
substances, and sometimes beautifully crystallized. 

485. In the time of Queen Elizabeth, it was 
found in considerable quantities in the alluvial soil 
near the lead-hills of Scotland, and in Cornwall in 
several of the stream-works. It is also met with 
in County Wicklow, Ireland, but the cost of labor 
exceeds the value of the gold. 

486. The richest mines in Europe are those of 
Hungary and Transylvania, there being no less 
than forty worked in these provinces, producing an- 
nually about 50,000 ounces of gold. The veins, 
too, of these mines are the largest in Europe, being 
rarely less than from eighteen to twenty-five feet, 
and in some parts, upwards of one hundred and 
twenty feet thick. They are, however, not extensive. 

487. In Africa, where, from the limited popula- 
tion and want of cultivation of the people, labor is 
worth little, considerable quantities of gold are ob- 
tained by the negroes, by washing the sands of 
rivers. Such is the origin of the gold-dust of com- 
merce. 

488. In the Russian provinces iii Asia, gold is 
found in ever-increasing quantities, and it is from 
this source that, of late, Europe has been supplied. 
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489. Immediately after the discovery of America 
by Columbus, it was observed that the natives of 
Hispaniola wore ornaments of gold. The quantity, 
however, must have been small, for, from 1492 to 
1500, only Jg52,000 of gold and silver were sent to 
Europe. Up to 1519, the annual produce of gold was 
never greater than £52,000. Cortez at this period 
conquered Mexico, and he obtained at Chalco, as 
presents to himself, £70,000 sterling in gold. The 
celebrated mines of Potosi were discovered acci- 
dentally by a Peruvian. Chasing some chamois 
among the rocks, he laid hold of a small shrub in 
his ascent^ which gave way, and disclosed an im- 
mense vein of silver, since called **Za Rica,^^ or 
*'The Rich." The Indian kept his discovery a 
secret, and only had recourse to it to supply his 
wants; but the improvement in his circumstances 
attracting attention, his companions drew the secret 
from him, and revealed it to the Spaniards. The 
annual produce ever since has been equal to 
£280,000 sterling. In the Brazils, gold was first 
known to exist in 1543; but the first ore found by 
a white man in that country was in the year 1693. 
This discovery led to the colonization of the Minas 
Geraes, and to all those evils resulting from the 
lust of gold, with details of which the history of 
South America abounds. Dr. Walsh mentions that 
at a very early period, " two parties meeting on 
the banks of the river, where San Jose was after- 
wards built, instead of agreeing in their objects, 
and pursuing together their operations, set upon 
each other like famished tigers. A bloody en- 
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counter ensued, in which many were killed on both 
sides, and the river was from thenceforth called 
the Kio das Mortas, or the River of Death. The 
vicinity of this river," proceeds our authority, 
" everywhere attests the extensive search for gold 
formerly pursued here, as it was for a length of 
time considered one of the richest parts of Brazil, 
from the profusion of the precious metal found on 
its surface. All the banks of the stream are fur- 
rowed out in a most extraordinary manner, so as to 
be altogether unaccountable to one unacquainted 
with the cause. The whole of the vegetable mould 
was washed away, and nothing remained but a red 
earth, cut into square channels, like troughs, with 
a narrow ridge interposed between them. Above 
was conducted a head stream of water, let down 
through these troughs, which were all on an inclined 
plane. The lighter parts of the clay were washed 
away, and the gold remained behind." 

490. That California abounds in gold, is well 
known. But to us, the discovery of it in Australia 
is of more importance. We owe the suggestion of 
the probable presence of gold in that country, to Sir 
R. Murchison. His remarks having found their 
way into the Australian newspapers, induced a Mr. 
Smith to search for it. He found gold, and offered 
to disclose his discovery to the government, on cer- 
tain conditions, with which the latter did not think 
proper to comply* It remained for Mr. Hargraves 
to re-make the discovery, which he at once published 
to his fellow-colonists, for which he has been lately 
rewarded by a gift of £10,000. 
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491. This first discovery was made in the banks 
of the Summer Hill Creek and the Lewis Ponds 
River, small streams which run from the northern 
flank of the Conobalas down to the Macquarrie. 
The gold was found in the sand and gravel, accumu- 
lated, especially on the inside of the bends of the 
brook, and at the junction of the two watercourses, 
where the stream of each would be often checked by 
the other. It was coarse* gold, showing its parent 
site to be at no great distance. Shortly afterwards 
gold was discovered in several other localities, espe- 
cially on the banks of the Turon, some distance 
north-east oF the Conobalas. At the head of the 
Turon river, among the dark glens and gullies in 
which it collects its head-waters, in the flanks of 
the Blue Mountains, the gold got ** coarser," occur- 
ring in larger lumps or nuggets, but these being 
more sparingly scattered. The further discovery of 
gold ensued as a matter of course. 

492. It is found usually in the drift clay, sand, 
and gravel, or lying loose on the surface of the 
earth. The superficial drift in which the diggings 
have been carried on, varies in thickness from a few 
inches to twenty or thirty feet. 

493. For the purpose of separation, a quantity of 
the auriferous sand or clay is taken and washed 
with water, when the gold, by its own weight, sinks 
to the bottom, and thus, by repeated cleansing, the 
gold-dust of commerce is obtained. 

494. As this appears a very simple process, the 
few words of advice given by Mr. Jukes to intend- 
ing emigrants, are subjoined: ** Gold digging is very 
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hard work — just such work as you see navigators at 
in a railway cutting, or brickmakers in a brick-pit. 
Tou must work hard all day, lie hard all night, with 
but little shelter, often with scanty food, and with 
nothing of what you have probably been accustomed 
to consider necessary comfort." 

495. Having already dwelt sufficiently long upon 
the subject, any one requiring further information, 
may obtain it in the "Xectures on Gold,* for 
the Instruction of Emigrants about to proceed to 
Australia." 

496. When gold is embedded in stone, it is 
stamped to powder, and shaken in an apparatus 
with mercury and water; a combination of the two 
metals called an amalgam^ is formed, after which 
the mercury is separated from the gold by distil- 
lation. 

497. Gold is a soft metal, of a beautiful yellow 
color. Its unchangeableness on exposure to air or 
water, its beautiful color, its splendid metallic lustre, 
and its high specific gravity, have caused it to be 
regarded as the king of metals. The alchemists 
represented it by the circle G, which is also the 
emblem of perfection, and called it Sol, or the sun. 
It surpasses all metals in malleability; this is well 
illustrated by the fact, that thirty ordinary-sized 
gilt buttons are covered by a single grain of gold. 
It is also so ductile, that one grain may be drawn 
into a wire 500 feet in length. The process of 
wire drawing is very simple; it consists in drawing 

♦ These admirable lectures have been published by Mr. 
David Bogue, Fleet-street, at the low price of half-a-crown. 
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rods of metal through a succession of trumpet-shaped 
holes in a steel plate, each being a little smaller 
than its predecessor, until the requisite degree of 
fineness is obtained. As the metal, in this process, 
is liable to become hard and to break, that which is 
intended for wire is previously submitted to the 
operation of annealing^ which consists in heating it 
to redness, and allowing it to cool slowly, by which 
means its toughness is gAatly increased. 

498. Gold, in consequence of its softness, is not 
very durable: for coin, and for elaborate articles of 
jewellery, it is therefore always alloyed with silver 
or copper. All the gold at present coined is alloyed 
only with copper; previous to the year 1826, the 
alloy likewise contained silver — hence the paler 
color of that coinage. Our English gold coins con- 
tain one-twelfth of their weight of copper. 

499. Gold-leaf is made by rolling out plates of 
pure gold as thin as possible, and then beating them 
between folds of membrane with a heavy hammer, 
until the requisite degree of tenuity has been ob- 
tained. Its thickness amounts to only o^^ of an 
inch. The gold leaf is made to adhere to the wood 
of picture-frames, or other surfaces, by means of 
size or vainish. 

500. Gold-leaf or its amalgam, is also much used 
in stoppin decayed teeth. 

501. The modern process of electro -gilding is ef- 
fected by dipping the articles into a solution of gold 
(obtained by dissolving oxide of gold in a watery 
solution of, so-called, cyanide of potassium), into 
which the poles of a battery are introduced. 
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502. The oxides of gold and their salts, with the 
exception only of the above-named solution, and the 
Purple of Cassias to be mentioned hereafter, are of 
no importance in the arts. 



2. Silver. Latin, Aegentum. Symbol, Ag. Eq. 
108. Sp.gr. 10-5. 

503. As gold was compared by the alchemists to 
the sun, silver became the emblem of the pale "sil- 
very" moon, under the name of Luna, or Diana ; 
symbol, ]) . It is found in the native state, and va 
combination with sulphur, as sulphuret of silver. 

504. The ores are deposited in veins in moun- 
tains, and contain the metal united with others, 
especially lead. It is nevei* found, like gold, in the 
sand and alluvial soils washed down by streams. 

505. Native silver crystallizes in cubes and octa- 
hedrons; but it is more commonly found in irre- 
gular masses. In 1478, a rich vein of silver-ore 
was discovered at Schneeberg, in Saxony, and so 
large a mass of native metal was cut out, that it 
served as a dining-table to Duke Albert. When 
smelted, it yielded 44,000 lbs. of metal. • 

506. Silver-ore, properly so called, is not com 
mon in England; but our lead-ores often contain 
much of the metal. 

507. On the continent, the mines of Schemnitz, 
in Hungary, are very productive. Every hundred- 
weight of the ore, consisting of masses of quartz^ 
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filling a vein which traverses a clay-slate, yields 
about five ounces of silver. At Kremnitz, mines of 
gold and silver have been worked for a thousand 
years. 

508. The Bohemian mines furnish about 2000 
ounces annually. 

509. Sweden and Norway also possess produc- 
tive mines. At Kongsberg, in Norway, the mines 
yield very considerably, and average annually about 
5000 lbs. weight of silver. 

510. The most important mines in Asia, those of 
Kolyvan, in the Altai mountains, have produced as 
much as one-and-a-half millioi;! of pounds weight 
in the last hundred years. 

511. But South America abounds most in silver. 
The mines of Potosi have been long celebrated. 
These mines are in a mountain of that name, near 
the source of the River Plata (Silver), which derived 
its name from this circumstance. This mountain, 
which, in the form of a sugar-loaf, rises to a height 
of 4,200 feet, is filled with silver-ore, and the whole 
mountain is perforated, in every direction, in search 
of it. It was opened in 1545, and since that time 
its produce has been valued at 235 millions ster- 
ling! At present the Mexican mines are the most 
productive of them: the most famous is the mine of 
Valenciana. The mines of America alone yield silver 
annually to the value of about £7,250,000 sterling. 

512. The chief part of the silver of commerce is 
obtained by the process of amalgamation, founded 
on the easy solubility of silver and other metals in 
quicksilver. 
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513. The Mexican process consists in making 
heaps of the stamped ore, and mixing it with about 
t^n per cent, of common salt by treading with mules. 
The mass is trodden for several days, during which 
decomposition takes place, and the silver in the ore 
combines with the chlorine of the salt to chloride 
of silver. About six times as much mercury is now 
added as the ore contains silver, which is also in- 
corporated by treading until amalgamation has be- 
come complete; that is to say, until the chloride of 
silver has again parted with its chlorine, and the 
metal silver has combined with a portion of mer- 
cury. The ore is then transferred to cisterns with 
an upright shaft and arms, which is turned while 
water is let in, in order to make the amalgam settle 
and to remove the ore. The fluid amalgam is strained 
through a strong linen cloth, to remove uncombined 
mercury, and the solid portion exposed to heat in a 
distillatory apparatus, by which the mercury is vola- 
tilized and collected, separate from the silver, which 
is left behind in a more or less pure state, according 
to the nature of the ore. 

514. A very large quantity of silver is obtained 
from some native ores. of lead; such ores being 
known as argentiferous (from the Greek apyvpog, 
arguros, silver). For the purpose of obtaining the 
silver from this description of ore, the lead is re- 
melted, and allowed slowly to cool. The portion 
which first crystallizes is nearly pure lead; the 
alloy of silver, being more fusible than lead itself, 
is drained off, and found to contain all the silver. 
The further process depends upon the fact that lead 
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oxydizes easily, whilst silver has no such tendency. 
And in this lies the difference between noble and 
BASE metals. The former not only do not easily 
oxydize, but, on application of heat, their oxides 
part with oxygen, and are reduced to the metallic 
state. The opposite is the case with the base 
metals; they easily oxydize, tarnish, or rusU When, 
therefore, this silver-lead is exposed to a red-heat 
on the shallow hearth of a furnace, while a stream 
of air is allowed to play upon its surface, the lead 
rapidly oxydizes, and the oxide is constantly swept 
away by the blast. When the chief part of the lead 
has been thus removed, the residuum is placed in a 
shallow dish made of bone-ashes, and again heated. 
The last of the lead is now removed; it becomes 
oxydized, and sinks into the bone-ash, while the 
pure silver remains behind, exhibiting all its native 
brilliancy. 

515. Pure silver is the whitest of aU metals; it 
has considerable brilliancy, and takes a high polish. 
It is harder than gold, and melts at about 1873° F., 
but does not oxydize. It resists the action of air 
and water. It is highly malleable and ductile, and 
may be extended into leaves not exceeding -^ of 
an inch in thickness, and drawn into wire far finer 
than human hair. 

516. And yet silver, notwithstanding its beauti- 
ful lustre, does not admit of extensive employment 
for decorative purposes, on account of the facility 
with which it tarnishes. And this is due to. the 
action of sulphur, and not to oxydization, for silver 
is a noble metal. The reader knows that a silver 
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spoon tarnishes in the mustard-pot (the bowl of 
which is in consequence usually gilt), and that a 
watch in time becomes dull in his pocket: he must 
also have observed how of late silversmiths have 
been compelled to light up their shops by gas-lamps 
placed without, instead of within. And why? On 
account of the escape of sulphur in some form or 
other. From the presence of sulphur in the oil of 
mustard and the oil of eggs, the formation of sul- 
phurous acid from ill-purified gas, and the sepa- 
ration of sulphuretted hydrogen from the various 
kinds of decay and putrefaction, some source of tar- 
nishing may be said to be ever present. The more 
or less black sulphide of silver is composed of 1 eq. 
of silver and 1 eq. of sulphur: its symbol is there- 
fore HgS. It is found native in a crystallized 
state: diffused throughout argentiferous lead-ores, 
sulphide of silver may be said to constitute the most 
abundant ore of silver. 

517. Silver plate and coin are formed of an alloy 
of silver with copper. By the addition of a small 
quantity of copper, silver becomes harder, while its 
whiteness is scarcely impaired. The standard silver 
of England contains, in 12 parts, ll/o of pure sil- 
ver, and i5 of copper. When such silver is heated 
to redness in the air, it blackens, from the forma- 
tion of black oxide of copper; if this be removed 
by immersion in hot dilute sulphuric acid, a film 
of pure silver, called blanched or dead silvery re- 
mains. The blanks for coins are treated thus be- 
fore they are struck, whence the whiteness of new 
coin. 
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518. The better kind of Sheffield plating is per- 
formed by the application of a plate of silver to the 
surface of the copper, which is afterwards beaten 
or drawn out. 

519. ElectrO'plating is now more usually em- 
ployed. The silver-bath is prepared by dissolving 
about half-an-ounce of oxide of silver in a solution 
of four ounces of cyanide of potassium, in a quart of 
warm distilled water. The beauty of the metal, and 
its freedom from injury by all ordinary kinds of food, 
render it well adapted for culinary purposes, and it 
is now frequently used for lining the inside of 
saucepans; but owing to the porosity of the electro- 
silver coating, it should be kept scrupulously clean, 
all contact with acids being avoided. 

520. The only basic oxide of silver is the peo- 
ToxiDE, AgO. Nitrate of silver, AgO,NO, 
is easily prepared by dissolving silver in nitric acid; 
it forms a perfectly clear and colorless solution. By 
exposure to light, it is again partially reduced to 
the metallic state, and minute particles of silver, in 
form of a fine black powder, separate. It is very 
caustic, and easily destroys both skin and flesh 
when concentrated. Indeed, such a solution of 
nitrate of silver, evaporated to dryness, fused, and 
cast in small cylinders, forms the Imiar caustic of 
medicine. It is employed by surgeons for cauter- 
izing, or burning away the diseased flesh in wounds. 

521. Indelible or marking ink is but a solution 
of nitrate of silver in water, thickened by gum 
arable. The black deposit in linen is metallic sil- 
ver in a fine state of division. 
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522. Nitrate of silver is likewise one of the in- 
gredients of hair-dyes: its employment for such 
purpose is both foolish and dangerous. 

523. Chloride of silver, AgCl, is a not un- 
common ore, especially in Chili : it fonns the 
horn-silver of mineralogists. Artificially, it may be 
produced by the addition of common salt, or indeed 
any soluble chloride, to a soluble salt of silver. It 
falls as a white curdy precipitate, insoluble in water: 
when heated, it melts and forms a horn-like sub- 
stance, which may be cut with, a knife. Every 
hundred parts of horn-silver contain 24*7 of chlo- 
rine. 

524. The beautiful designs produced on paper in 
different shades of brown, and distinguished as the 
Talbotype and Calotype, are obtained by saturating 
the paper with various salts of silver, such, for 
example, as the chloride just noticed, and then ex- 
posing it to the regulated action of light. Wherever 
the light falls the paper darkens, owing to the pro- 
duction of metallic silver, or its suboxide. 

525. Fulminating silver is a compound of am- 
monia with the oxide. It possesses exceedingly 
dangerous explosive properties, which are better 
exhibited out of doors than in the household. 



5. Quicksilver or Mercury. Latin, Hydrargy- 
rum. Symbol Hg. Eq. 202. Sp. gr: 13-56. 

526. This metal, which is of great importance in 
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mediclDe and in the arts, affords the only example 
we possess of a metal fluid at the temperature of 
most climates. Its silver-white color and its fluidity 
gave rise to its name; the word Hydrargyrum being 
derived from the Greek v^wp (hudor), watery and 
iipyvpoQ (arguros), silver. 

527. On account of its mobile, restless character, 
the name of the heathen god Mercury was given to 
it : and even now-a-days, in the term mercurial ap- 
plied to an individual, the meaning has been re- 
tained. 

528. It has been known from very remote ages. 
Pliny states that the Greeks imported cinnabar, or 
SULPHIDE OF MERCURY, from Almadcn, in Spain, 
700 years before Christ; and in his time the 
Bomans used annually some 300 tons from the 
same source. These mines even now yield about 
one-half of all the rest in the world. 

529. Only recently has it been found in great 
purity and considerable quantity in California. 

530. The other principal mines of mercury are 
in Peru, in South America; in China; and in Spain. 
The most celebrated, however, are those at Idria, 
in Camiola, where the metallic vein occurs at a 
depth of 720 feet. The mineral products of this 
mine are so varied, that the modes of carrying on 
operations differ from any other. In some parts 
pure mercury distils in globules from the rock. 
The ore is raised in square boxes, by means of a 
water-wheel; and besides metallic mercury obtained 
from the ore by distillation, all the preparations of 
mercury, used in medicine and the arts, are either 
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found naturally, or are manufactured at Idria. From 
the great heat of the mines, and the unwholesome 
vapor of the metal, the miners suffer severely. They 
soon lose their teeth from salivation, and few sur- 
vive their fortieth year. Cattle cannot be reared, 
nor will fruit or grain ripen in the neighborhood. 
The inhabitants of the town are fearfully afBiicted 
with tootiiache. The miners become so impregnated 
with mercury, that a piece of brass, rubbed between 
the fingers, becomes white like silver. 

531. The process of obtaining this metal from its 
ordinary ore, the sulphide, is dependent upon the re- 
moval of its sulphur. One method is to heat it with 
a metal which has a strong affinity or attraction for 
the sulphur with which the quicksilver is combined. 
Thus, if cinnabar be heated with iron-filings in an 
iron retort, the mercury will distil over, and the iron, 
combined with the sulphur, remain as sulphide of 
iron in the retort. 

632. In Spain another method is employed. The 
sulphide is reduced in a peculiar furnace without 
any addition, simply by bringing the flame into 
contact with the hot ore ; the sulphur unites with 
oxygen and forms sulphurous acid gas, whilst the 
quicksilver, being a noble metal, has no tendency to 
become oxydized, and therefore separates in the 
metallic state. 

533. Pure quicksilver is a white, silvery, lustrous 
fluid, without taste and smell. It volatilizes sensi- 
bly at all temperatures above 70°, and boils at 670% 
in which state it may be easily purified from all 
fixed impurities. At 40° below zero, it becomes 
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malleable, and in the act of solidification, great con- 
traction takes place. At common temperatures it 
is quite unchangeable in air; but if adulterated with 
tin or lead, it loses not only much of its fluidity, bat 
also tarnishes easily. 

534. The metal is invaluable for physical re- 
search, in the thermometer, barometer, &c. 

535. Alloys of mercury, with other metals, are 
termed amalgams. The property of forming such 
amalgams with gold and silver, has been already 
noticed.* 

536. Next to its medicinal properties, quicksilver 
is most important for silvering looking-glasses; this 
is accomplished by an amalgam of tin. The process 
is thus briefly described by Brande: — A perfect 
sheet of tinfoil, somewhat larger than the plate- 
glass, is placed upon an even table of slate or stone: 
quicksilver is then poured upon it, and rubbed uni- 
formly upon its surface with a hare's foot, or a ball 
of flannel or cotton, until a clean and bright amal- 
gam is formed. Upon this, mercury in excess is 
poured, till the metal has a tendency to run off; the 
plate of glass, previously made quite clean, is then 
brought horizontally towards the table, and its edge 
so adjusted, as by gradually and steadily sliding it 
forward, to displace some of the excess of mercury, 
and float the plate, as it were, over the amalgam, 
the dross upon its surface being pushed on by the 
edge of the glass, so that the mercury appears 
beneath it with a perfectly uniform, clean, and 
brilliant reflecting surface. A number of square 

♦ Pp. 239, 240, 242, and 243. 
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weights, of 10 or 12 lbs. each, are now placed side 
by side upon the surface of the plate, so as entirely 
to cover it, and press it down upon the amalgamated 
surface of the tin : in this way, the excess of mer- 
cury is partly squeezed out, and the amalgam is 
made to adhere firmly to the glass. The mercury, 
as it runs ofiT, is received into a channel on the side 
of the table, (which is slightly inclined, to facilitate 
the draining), and in about forty-eight hours the 
weights are taken off, and the plate carefully lifted 
from the table, and set nearly upright, by which 
the adhering mercury gradually drains off, and the 
solid crystalline amalgam remains perfectly and uni- 
formly adhering to the glass. 

537. Amalgams of silver, and of another metal, 
CADMIUM, are used for stopping decayed teeth. 

538. Quicksilver unites with oxygen in two pro- 
portions, and forms basic oxides. 

539. I. Protoxide op mercury, Hg^O, is a black 
substance, insoluble in water. Its basic properties 
are feeble, but it forms with acids certain salts, one 
of which is a most useful medicine. Calomel or 
PROTocHLORiDE of MERCURY, Hg^Cl is a very heavy 
white powder, insoluble in water, and therefore 
tasteless. It is volatile, and usually prepared by 
sublimation. 

540. II. Peroxide or binoxide of mercury, HgO, 
is a much more powerful base than the former, and 
should more properly be called the protoxide. It 
-forms a red crystalline powder, known by the com- 
mon names of red oxide and red precipitate. Like 
all oxides of the noble metals, it is separable by 



252 CHEMISTBT OF 

heat into mercury and oxygen, and is commonly 
employed for preparing perfectly pure oxygen. Its 
salts are mostly colorless or white, and are fearful 
poisons. By dissolving the binoxide in hydrochloric 
acid, the bichloride of msbcubt, or cobeosiye 
SUBLIMATE, may be prepared. The mode of its 
formation will become intelligible by means of a 

diagram : — 

^ .J ^ rk ^Bichloride of 

of I "-^. ^,,-::'>-^Mercury.Hga 

Mercury. ) Hg — ^^"'-,^^''' 

Hydrochloric ) H --pp.-^:: II^.^^ Water H O. 

Add. 5 CI ' 

It crystallizes in opaque rhombic prisms, which 
are soluble in 16 parts of cold, and 3 parts of boil- 
ing water. The best antidote against this fearful 
poison is white of egg, with which it forms an in- 
soluble compound. 

541. In the same manner that oxygen combines 
with the metals, forming various classes of oxides, 
does sulphur combine with them, forming sulphides. 
Thus each oxide of mercury has a corresponding 
sulphide. The only sulphide of importance is the 
ordinary one which supplies us with mercury. The 

PER-SULPHIDE OF MERCURY Or CINNABAR, HgS, con- 
tains 86'21 per cent of the metal : it is a compound 
of one eq. of each element. It sometimes occurs in 
beautiful crystals, especially in the Palatinate; more 
usually it is massive and varying in color, from a 
bright cochineal-red, to brownish red, and even lead- 
grey. That beautiful pigment, vermilion, has the 
same composition, but is an artificial production. It 
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is most easily prepared by subliming a mixture of 
6 parts of quicksilver with 1 of sulphur, and reduc- 
ing the resulting sulphide to very fine powder. Of 
all the manufacturers of vermilion, the Dutch are 
the most successful; the best is therefore imported 
from Holland. Its use is not confined to painting; 
but it is also valuable as the coloring agent of red 
sealing-wax. 

542. A fulminating powder is also prepared from 
mercury, which is most extensively used in the ma- 
nufacture of percussion caps. 



Platinum: Symb. Pt; Eq. 99. Sp. gr. 21-5. 

643. Though not a household metal, is a noble 
metal, and of great value to chemists. It is infusi- 
ble in the greatest furnace heat. Its resistance 
to most chemical agents and to oxidation at all tem- 
peratures, renders platinum of the highest value in 
the construction of crucibles and other utensils. 
Platinum is the heaviest of all metals, white in color, 
exceedingly malleable and ductile, and fusible only 
in the fiame of oxy- hydrogen. The Ural mountains 
in Bussia, furnish the chief supply of this metal. 



4. Zinc. Latin, Zincum. Symb. Zn. Eq. 32. 
Sp. gr. about 7. 

544. This metal is tolerably abundant, and very 
useful. It is so very slowly acted upon by the air, 
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that it is now most frequently employed for coating 
iron for the prevention of rust, and is used for roof- 
ing gutters, chimney-tops, &c. 

646. Zinc, in the metallic state, seems to have 
been unknown to the ancients, byt they were ac- 
quainted with oxidized zinc, under the name of 
cadmia, Pliny makes mention of it as necessary 
for making brass, and adds, that cadmia not only 
improved the color of copper, but also increased its 
weight. Galen speaks of its use in medicine. 
Further it may be stated that Albertus Magnus, 
in the thirteenth century, was well acquainted with 
the use of furnace calamine (ore of zinc) in making 
brass. 

646. The first author we meet with who makes 
use of the name zinc, is Paracelsus Theophrastus, 
who died in 1641. It is certain that even in the 
middle of the sixteenth century, this metal must 
have been very scarce. In China and India, how- 
ever, zinc has long been known; and utensils of 
zinc, inlaid with various metals, are not uncommon 
in those countries. 

647. Zinc does not occur in the native state. It 
is found in combination with sulphur, as sulphide 
OP ZINC ; or in the more valuable form of carbon- 
ate OF ZINC, or calamine. 

648. The latter is 'preferred for the extraction of 
the metal. It is first roasted, to drive off water 
and carbonic acid, and thus converted into oxide of 
zinc. This being heated in clay ppts or crucibles, 
with small pieces of coke or charcoal at a full red 
heat, carbonic oxide escapes, and the metal drops 
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through a hole in the bottom of each pot, by an iron 




Fig. 23. 

tube, into a vessel of water. (Figure 23, represents 
a muffle, in which the process is conducted. At one 
end is the curved projection made of clay, through 
which the gas and vapor of zinc escape. The zinc 
condenses mostly in the tube, and drops into the 
vessel of water.) 

549. Zinc is a blueish-whlte metal of crystalline 
structure, and at ordinary temperatures very brittle. 
Between 250** and 300° it is, however, malleable, 
and may be rolled or hammered into sheets, which 
retain their malleability when cold. It melts at 
773°, and volatilizes at a bright red-heat. 

550. In commerce, zinc is known by the name 
of Spelter: the largest supplies come to us from 
Silesia, the mines of which produce annually about 
8000 tons. 

551. Iron coated with zinc is called galvanized 
IRON, though no galvanic process is connected with 
its preparation. The iron intended to be thus pre- 
pared is thoroughly cleansed from rust by dilute 
sulphuric acid, and passed through troughs of melted 
zinc. 

552. Among other important purposes, zinc is 
employed in the construction of voltaic batteries, 
used for evolving electricity by chemical action. 

553. Zinc has only one oxide. The protoxide, 
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ZnO, is a powerful basic oxide. It is always formed 
when zinc is melted in contact with air. At a red- 
heat the zinc bums with a splendid green light, 
generating the oxide. It is, when pure, a white 
tasteless powder, being insoluble in water. When 
heated it turns yellow, but becomes white again on 
cooling. Its salts are colorless. Those which are 
soluble in water have a disagreeable metallic taste, 
and act as emetics. Of the salts of zinc two only 
require description. 

654. Carbonate of zinc, ZnO, CO^ is found 
native as calamine. The Derbyshire ore is com- 
posed of — 

Oxide of zinc 34*8 

Carbonic acid 65*2 
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In color it is white, grey, or brown, and it dissolves 
with effervescence in acids. 

555. Sulphate of zinc, or white vitriol, ZnO, 
SO^ + 7 HO greatly resembles epsom salts. It has 
an astringent metallic taste, and is used in medicine 
as an emetic. The crystals are soluble in 2^ parts 
of cold, and their own weight of boiling water. 
They contain 7 eqs. of water of crystallization, a fact 
indicated by its formula. This salt is constantly 
formed in the process of making hydrogen, by the 
action of dilute sulphuric acid upon the metal zinc. 
Water alone has no action upon the metal, but the 
addition of a little sulphuric acid causes the imme- 
diate decomposition of the water. The following 
diagram will best explain the change : 
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Water 5 hydrogen H set free. 

( Oxygen 

Zinc Ulrrrrr ZnO^ Sulphate 

Sulphuric Acid ^ SO^ y of Zinc. 

The anhydrous sulphate of zinc here represented 
combines at once with water, and forms a solution 
of ordinary sulphate. 

556. Sulphide of zinc, ZnS, blende, or black- 
jack, is a very common native ore of zinc. When 
pure it is white, but its color varies exceedingly. 
Its localities are numerous both in Europe and the 
United States. When employed in the manufac- 
ture of zinc, the ore is first roasted, to rid it of its 
sulphur: the resulting oxide is then mixed with an 
equal quantity of roasted calamine, and treated in 
the same manner. 

557. Oxide of zinc is employed in making a most 
valuable paint. It is preferable to lead-paint, be- 
cause it neither injures the health of the workmen, 
nor tarnishes by exposure to air; and this because 
sulphide of zinc is white. 



5. Lead. Latin, Plumbum. Symb. Pb. Eq. 104. 

Sp. gr. 11-45. 

558. Next to iron, lead is the most abundantly 
diffused of the household metals. Like zinc, it is 
but slowly acted upon by the air; and, owing to this 
property, as well as to its malleability, is especially 
adapted for covering roofs,i for cisterns, &c.. 
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559. The most important ore of lead is the >u/- 
pkide, commonly called galaia. 

5GO. In tbis country, lead is one of the most im- 
portant and abundant metallic productions. Hiere 
are mines in Derbyahire which were worked by the 
Romans; in Cumberland, Cornwall, Devonshire, 
and other counties ; also in Wales, Scotland, and 
Ireland : stdphide of lead being the common ore in 
all these localities. 

£61. It has alreody been spoken of (p. 243) aa 
often containing silver, and the mode of separating 
the silver from it has been described. The process 
for obtaining lead from its ore is very simple. The 
mixed ore having been broken and washed, is 
roasted in a reverberatory* furnace, the temperatnie 
being such as to soften, but not fase it. By this 
process part of the sulphide becomes oxydized, and 
converted into sulphate of lead ; much, however, 

* JteBerteralar;/ /umaett are much used wh^n substances 




TiK.33. 

are to be exposed to best without contact with the faeL Tht 
Gre-chamber is separated from the heartli by a low bridge of 
brick-work, and the fiame and bested air ore reflected dows- 
wards by the arched form of the roof. Great heat is obtun- 
able from such ai 
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remains unaltered. Now, it is known to chemists, 
that, when sulphate and sulphide of lead are heated 
together at a high temperature, they re-act upon 
one another, and produce sulphurous acid gas and 
metallic lead. The contents of the furnace are 
therefore thoroughly raked together, and the tem- 
perature increased; the melted* lead sinks to the 
bottom, and is run out into oblong moulds called 
pigs. 

562. The subjoined diagram will help the reader 
in understanding the process. 

Pb Pb set free. 



Sulphide of Lead ||^*, 

r S 37j_-r:z:r--r3^I5^2 so* 

LPb Pb set free 



Sulphate of Lead- 



563. The mines of Great Britain furnish an- 
nually upwards of 30,000 tons of smelted lead; in 
fact, one-half of the whole world's consumption. 

564. Pure lead is a blueish-white metal. It is 
very soft, and, when fresh cut, has much brilliancy. 
It melts at 612°, and is then, by the action of the 
air, easily convertible into an oxide. It may be 
cast, without trouble, into a variety of useful forms. 

565. Leaden pipes were used by the ancients 
for the conveyance of water as at present. The 
surface of lead readily tarnishes in damp air, and 
is easily acted upon by soft water, containing 
oxygen and carbonic acid. Although a slow, it is 
a most fearful poison. Its salts have a sweet taste^ 
so that in a dilute state it gives no unpleasant warn- 
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ing of its presence. Fortunately, most waters con- 
tain gypsum, the sulphuric acid of which forms an 
insoluhle salt with the oxide of lead. Thus spring 
waters may be kept with impunity in cisterns of 
lead, provided the covers be of wood. Otherwise, 
the pure water which evaporates and settles in 
drops upon the lid, is liable to dissolve it in small 
quantities; and thus poisonous properties are com- 
municated to the water. 

566. Th<e alchy mists gave this metal the name 
and symbol of Saturn, ^. 

567. Lead combines with oxygen in several pro- 
portions, only one of which can be properly de- 
nominated as a basic oxide. 

668. Protoxide of lead, Pb O, is. prepared on 
a large scale, by. collecting the grey film which 
forms on the surface of melted lead, and exposing 
it to heat and air until it acquires a uniform yellow 
c6lor. In this state it is the Massicot of commercCt 
and when partially fused by heat, the term Litharge 
is applied to it. Protoxide of lead, when pure, has 
a delicate straw -yellow color, is very heavy, and 
slightly soluble in water, giving an alkaline liquid. 
Its sp. gr. is 9-421. It unites with acids, and forms 
the basis of all the salts of lead, which are colorless^ 
if the acid itself be not colored. 

569. Carbonate of lead, PbO, CO^ is the most 
important salt of lead, as it constitutes the white-lead 
of commerce. It is prepared in the following man- 
ner: — The metallic lead* is cast into the form of 

* The lead should be of the purest. If it contain iron, the 
resulting white-lead acquires a tawny hue; and if a trace of 
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fitars or circular gratings. Five or six of these are 
placed one above another in the upper part of a 
^ower-pot-shaped earthen vessel, into which have 
been previously introduced a few ounces of strong 
vinegar. These pots are arranged in a large room, 
side bj side, and are embedded in a mixture of new 
and spent tan. This first range of pots is then 
<K)vered with loose boards, and a second range of 
pots is placed above them, and likewise embedded 
in tan, and so on till the chamber contains a pile of 
pots one above the other. In about six weeks time 
the process is completed. The tan heats, and gives 
out large quantities of carbonic acid: the vinegar 
rises in vapor, dissolves the lead, inducing the for- 
mation of acetate of lead, which, as fast as it is 
-formed, is decomposed by the carbonic acid, and 
-changed into carbonate of lead. On unpacking the 
stacks, the lead is either found covered thickly 
with, or completely changed into, white-lead. This 
is broken off from what remains of the lead (which is 
xe-melted and re-cast), crushed between heavy rollers, 
and then ground to fine powder. By repeated wash- 
ings with water, it is cleansed from all admixture Of 
metallic lead. The whole being at last obtained in 
the form of a white " paste," is dried and sold in 
barrels as white-lead. Pure carbonate of lead formis 
a brilliantly white powder, insoluble in pure water, 
but slightly soluble in water containing free car- 
bonic acid gas. As carbonate of lead is a fearful 

silver, it becomes dingy on exposure to light. Derbyshire 
lead-ore contains traces of cobalt ; white-lead made therefrom 
lias usually a pinkish hue in consequence. 
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poison, and as all soft waters have a tendency 
to dissolve it, soft water can never safelj pass 
through leaden pipes without being rendered unfit 
for drinking. 

570. Acetate op LEAD,PbO, A +3 HO, is pre- 
pared by dissolving litharge in acetic acid. It is 
generally met with in commerce as a confusedly- 
crystalline white mass, somewhat resembling loaf- 
sugar. From this circumstance, and from its sweet 
taste, it is often called sugar of lead. The crystals 
are soluble in rather better than their own weight 
of water. Goulard-water, so much valued in phar- 
macy, is a basic acetate of lead, a salt in which^ the 
base preponderates over the acid. 

571. Chromate of leap, PbO, CrC, Chrome- 
yellow or King's Yellow, is a beautiful yellow (pig- 
ment, much used in calico-printing, and in painting 
coach-panels. The color is given to the salt by the 
acid : the metal chromium deriving its name from 
XpHifjia (chroma), color, because all its compounds 
are colored. 

572. Eed oxide of lead, Pb' O^ or Red leady is 
a brilliantly red heavy powder. It is prepared by 
long exposure to the air of unfused protoxide at a 
faint red-heat. Made into paint with linseed-oil 
and turpentine, it forms what the house-painter 
calls priming^ it being generally the^r*^ paint that 
is applied to new wood or plaster-work. It dries 
very hard, effectually fills up pores, and preserves 
the wood. A considerable quantity of red lead is 
used in coloring common red wafers. 

573. Sulphide of lead, PbS, or galena, is the 
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onlj important compound of sulphur and lead. It 
occurs massive and beautifully crystallized in cubes. 
In lustre the ore resembles the metal, but it is very 
brittle. ArtiOcial sulphide is a black powder; 
hence lead-paint always tarnishes in any atmo- 
sphere containing sulphuretted hydrogen. 

574. Type-metal is an alloy of 4 parts of lead, 
with a metal called antimony; it is easily melted, 
and receives a sharp impression from the mould 
into which it is cast into type. Its hardness is re- 
markable, and sufficient to withstand the pressure 
of the printing-press. 



6. Tin. Latin, Stannum. Symbol, Sn. Eq. 
58. Sp. gr. 7-3. 

575. This metal has been known from the ear- 
liest ages. Pliny relates that the Phoenicians traded 
with Britain and Spain for tin. It still occurs most 
abundantly in Cornwall; and is found in consider- 
able quantities in Malacca, India, and Germany. 

576. The alchemists worked incessantly upon 
tin, endeavouring to transmute it into silver. They 
imagined it to be under the influence of the planet 
Jupiter, and accordingly denoted the metal by the 
name and symbol % of Jupiter, 

577. The principal ore of tin is the native oxide, 
but it likewise, though more rarely, occurs as a 
sulphide, 

578. The oxide, or tin-stone of Cornwall, is 
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known by the names mine-tin and stream-Hny ac- 
cording to the source from whence it is obtained. 

579. The principal tin-mines of Cornwall are in 
the neighbourhood of St. Austle and the Land's End. 

580. The mode practised there of reducing the 
ore is briefly as follows. The ore is pounded, or 
ftcunpedy on the spot, in the stamping-millj which 
consists of heavy beams of wood, shod with masses 
of iron, weighing 1^ cwt. each. These beams are 
raised by means of water-Wheels, and fall by their 
weight on the ore, which is placed in troughs^ 
through which a small stream of water runs, in 
order to wash away the ore as it is pounded fine. 
One end of the trough is formed of iron plates 
pierced with holes, through which the ore is sifted, 
as it were, and passes into other troughs or pits, in 
which it settles from the water in various degrees 
of fineness. 

581. The ore thus pounded is washed in vats 
called keeveSy to free it from all soluble earthy mat- 
ter and dirt, previous to its being smelted. 

582. It is then roasted, to remove the sulphur 
and arsenic with which it is always contaminated. 
Mixed with charcoal and a little lime, it is heated 
in a reverberatory furnace for eight hours; the 
charcoal, combining with the oxygen of the oxide of 
tin, escapes in the form of carbonic acid gas, while 
the lime, uniting with the silica and other impuri* 
ties, forms a slag, consisting mainly of silicate of 

lime. 

583. The impure tin thus obtained, is again rer 
turned to the furnace, and carefully heated, so as to 
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melt the tin, which runs off into an iron kettle, 
while the chief impurities remain unmelted. The 
tin in the kettle is kept in a state of fusion, and 
agitated bj plunging into it wet charcoal, which 
causes the impurities to rise to the surface, where 
they are skimmed off. 

584. Thus refined, the metal is cast into blocks, 
of 3 cwt. each, called pigs, 

585. The tin which is obtained from the ore 
washed down by streams, is purer and more free 
irom arsenic than tliat from the veins. The largest 
stream^tin works are at Camon, near Redruth. 

586. The purest kind of tin is sold under the 
name of grain-tin : block-tin is less pure. 

587. The pure metal has a white color, and emits 
A peculiar crackling noise when twisted, owing to 
i:he sliding of the crystalline plates over each other. 
Its taste and odor are disagreeable. It is very mal- 
leable, as may be inferred from the fact, that tin-foil 
IS less than -^ of an inch in thickness. 

588. Tin is but little acted upon by air and water. 
It melts at 442", and may be then easily crystal- 
lized. 

589. In the manufacture of common gilt paper^ 
no gold is used : the paper is covered with tin-foil, 
upon which a transparent lacquer, colored yellow 
with turmeric, is afterwards spread. 

590. Tin combines with oxygen in three propor- 
tions, none of which possess much interest. When 
heated above its melting-point, it oxidizes rapidly, 
and is converted into Putty-powder^ or Tin-putty, 
This substance is a mixture of the protoxide SnO, 
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with the BiNoxiDE SnO^. It is eztremelj hard, 
and much used for polishing glass, jewellery, and 
metals. 

691. Itjs from the bimoxide or peroxide of tin, 
SnO^, that our supplies of the metal are mainlj de- 
rived. Of the 10,000 tons of metal produced anna- 
allj over the whole world, England affords one-half. 

692. The so-called Purple of Ceunus^ so much 
employed in enamel-painting, is most ptx>bably a 
combination of sesqui-oxide of tin with oxide of 

GOLD. 

693. Sulphur unites with tin, forming three sul- 
phides, only one of which is of importance. Bisuir 
PHiDE OF TIN, SnS^ was discovered by the alchemists, 
among whom it excited extraordinary interest^ on 
account of its splendid golden lustre, which induced 
them to believe that they had transmuted tin into 
gold. It is much used as an imitation of gold in 
paper-hangings, toys, and theatrical decorations. It 
is also called mosaic-gold and bronze-powder. 

694. Some of the alloi/s of tin are important. 
Pewter is usually compounded of 20 parts of tin 
with one of lead, or another metal, bismuth. Tin* 
plate is another most useful alloy. Iron-plate and 
kitchen utensils may be coated superficially with 
tin, and thus preserved from rusting away. The 
only objection is, that the iron, if anywhere exposed, 
has an increased liability to oxidize, or rust. This 
is especially the case with tin-plate; hence the supe- 
riority of iron-plate coated with zinc instead of tin* 
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7. Copper. Latin, Cuprum. Symbol, Cu. Eq. 32. 

Sp. gr. 8-96. 

595. Its name its derived from the island of Cy- 
prus, where the metal was first wrought by the 
Greeks. The brass or as of the ancients, of which 
they made their implements^ both of agriculture and 
of war, was an alloy of tin and copper. The alche- 
mists called copper, Venus $ , the name of the pro- 
tecting goddess of Cyprus. 

596. It sometimes occurs in the metallic state 
in masses, varying from an ounce to a ton. 

597. It is abundant in the form of red oxide and 
of carbonate : but the most important ore, and that 
from which the metal is chiefly obtained, is the ^e/- 
low copper ore^ or copper pyrites (from the Greek 
wvp, pyr, fire). It is usually a compound of one 
part of sulphide of copper with one of per-sulphide 
of iron. There are mines of it in Anglesea and 
Cumberland, but the most extensive and the richest 
are those of Cornwall and Devonshire. The prin- 
cipal mines lie between the Land's End and Truro, 
the most important being in the neighbourhood of 
Bedruth. There are upwards of eighty copper- 
mines in Cornwall, varying in their productiveness 
from 100 to 1500 tons of copper annually. 

598. Besides those of England, copper-mines are 
worked in Australia, Spain, Saxony, Sweden, Nor- 
way, Kussia, and Mexico. The principal copper- 
mine in Sweden is the celebrated one of Fahlun, in 
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the province of Dalecarlia. This mine is a vast 
chasm, formed by the artificial excavations for the 
ore, the bed of which is not a mile in extent. 

599. The process of reduction is carried on most 
largely in South Wales. There the ore is first 
roasted in a reverberatory furnace, by which the 
sulphide of iron is oxydized, while the sulphide of 
copper remains unaltered. The roasted ore is then 
strongly heated with sand, which combines with the 
oxide of iron, forming a fusible slag, or glass of 
silicate of iron, which separates from the heavy sul- 
phide of copper. By a repetition of this process 
the iron is got rid of, and then the sulphide of cop- 
per begins to decompose in the reverberatory fur- 
nace, losing its sulphur and absorbing oxygen. The 
temperature of the furnace is then raised, and the 
oxide of copper reduced to the metallic state by the 
aid of charcoal. The last part of the process con- 
sists in thrusting into the melted metal a pole of 
birchwood, the object of which is to reduce a little 
remaining oxide by the combustible gases thus ge- 
nerated. (Fownes.) 

600. "With one single exception, titanium, cop- 
per is the only metal which has a red color. It is 
very lustrous, very malleable and ductile; indeed, 
next so in degree after gold and silver. Like tin, 
it emits a smell when rubbed with a moist hand. 
Its melting-point is between that of silver and gold, 
and is placed by Daniel at 1996°. 

601. Copper is a most useful metal, and many 
valuable household utensils are formed from it. It 
is, too, the most sonorous of all metals, and is there- 
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fore employed for trampets, and similar musical in- 
struments. 

602. Copper also forms part of the metallic cur- 
rency of the realm, one pound being coined into 
twenty-four penny pieces. 

603. Copper unites with oxygen in two propor- 
tions. 

604. The red oxide op copper, Cu^O, is a very 
weak basic oxide, and is usually called the suboxide. 
It is often found native in beautifully transparent 
ruby-red crystals, and is called, red copper-obe. 
It imparts a deep rich ruby color to glass, and is 
the color employed to imitate the ruby and the gar*- 
net. Tea-urns are also often coated with it. 

605. The protoxide op copper, CuO, is the only 
oxide which forms important salts. On account of 
its color, it is commonly called black oxide. It is 
formed whenever copper is heated to full redness. 
To glass it communicates a green color. 

606. Its salts are mostly of a blue or green color, 
all of them being poisonous. On this account, cop- 
per saucepans should be kept scrupulously clean, 
for we find that when exposed to moist air they be- 
come covered with so-called verdigris. The green 
crust thus formed is a carbonate op copper. It is 
prepared as a pigment, under the name of green 
verditer, 

607. Malachite, CaO, CO^ + CuO, HO, which 
is found in such beauty in the Ural mountains of 
Siberia, and in Australia, and made into various or- 
naments, is the native carbonate. 

608. Sulphate op co?pbr, CuO, 30'-h5HO, or 
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BLUE VITRIOL, IS of a sapphire-bloe color, soluble in 
four parts of cold and two of boiliug water. It is 
much used in the arts as a source of several blue 
and green colors; and a saturated solution of it is 
employed in electrotyping. 

609. Acetate of copper, CuO, A + HO, a salt 
of a green color, is a species of verdigris. It is a 
beautiful pigment, but a fearful poison. Care should 
be taken to keep vinegar from all copper vessels, as 
it is an immediate solvent of any ready-formed oxide 
or carbonate. A very small amount of verdigris 
will communicate a beautiful green color to pickled 
cucumbers or preserved fruits. All such should be 
regarded with suspicion. Inasmuch as it is very 
difficult to preserve the green color of vegetables 
and fruits, it is better to buy them of a pale green 
or yellowish green color, than to injure health for 
the sake of pleasing the eye. 

610. Copper-pyeites, Cu^ S+Fe^ S^ is the prin- 
cipal ore of the Cornish mines. It is of a brass- 
yellow color. 

611. The ordinary sulphide op copper, CuS, is 
black. 

612. The alloys of copper are very important. 
Thus brass is an alloy of copper and zinc. The pro- 
portions vary, and some contain a little lead and tin. 
Pins are usually made of brass and coated with tin. 
The famous Corinthian brass was an alloy of copper. 
Pliny states, that vases made of this brass were con- 
sidered more valuable than if made of gold, on ac- 
count of its beauty. The cutting instruments of 
the ancients were alloys of copper with five per 
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cent, of tin. Tomback, Pinchbeck^ Dutch-gold^ and 
Similor, are alloys of brass with copper. Bell metal 
is an alloy of copper and tin ; so likewise is Bronze, 
Speculum metal contains, in addition to copper and 
tin, a little arsenic. 

613. Whilst on the subject of alloys of copper, 
may be mentioned the existence of a beautiful metal 
called Nickel. It is found in the Hartz mountains, 
and in some few other localities. It is a white, 
malleable metal, fusible with difficulty, and strongly 
magnetic. Its chief use is in the preparation of 
several beautifully white alloys, some of which are 
only inferior to silver. German silver is an alloy 
of 100 parts of copper, 60 of zinc, and 40 of nickel. 
China silver, or tutenag, Britannia metal and Ar' 
gentincy of which forks, spoons, tea-pots, &c., are 
made, are alloys in various proportions of copper, 
zinc, and nickel. (Spoons and forks of any of these 
alloys, should not be allowed to remain in contact 
with pickles or any acid sauces.) 



8. Iron. Latin, Ferrum. Symbol, Fe. Eq. 28. 

Sp. gr. 7-8. 

614. Is the most important of all metals« It has 
not, indeed, the beauty of color, nor the fineness of 
quality which gold and silver possess. But the 
grand difference between iron and other metals is 
its hardness, and its capability, by a peculiar pro- 
cess, of being made into steely which is so hard that 
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it can cut every substance in nature, with the ex- 
ception of the diamond. It is universallj diffused 
over the earth, and there is no soil that does not 
contain more or less of the oxide of this metaL 
Iron has been known and employed by man from 
the earliest ages of his existence, knives and wea- 
pons of iron being mentioned in the Books of 
Moses. The name and symbol of Mars, ^^ the god 
of war, were given to it by the alchemists. 

615. Native iron is found in small quantities 
in the Ural mines. Those immense masses of 
metal, known as meteoric, are composed mainly of 
iron. 

616. But the source from whence the quantities 
for the world's supply are drawn, is not from native 
iron, but chiefly from its oxides, carbonates, and 

SILICATES. 

617. One of the most valuable ores is the mag- 
netic IRON ORE, or loadstone. It is black and 
lustrous, and sufficiently . magnetic to take up a 
needle. It is abundant at Roslagen, in Sweden, 
and is manufactured into a kind of bar-iron, froxa 
which the best steel is made. 

It is more readily fusible than iron, and is of an 
iron-black color. It is a chemical compound of the 
only two basic oxides of iron, and is, in fact, com- 
posed of one eq. of each oxide. 

It consists, in 100 parts, of — 

Protoxide of iron, FeO . . . 31 00 
Peroxide of iron, Fe^ 0^ . . . 69*00 

10000 
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Loadstone is therefore represented by the formula 
FeO + Fe^O'. 

618. Reb-iron-stome, orHiEMATiTE, is far more 
abundant than the former, and abounds near Ulver- 
stone, in Lancashire. From it some of the best 
iron-plate and wire are made. It is of a brown- 
black or ochreous color. It is a true peroxide, or 
red oxide, or sesqui-oxide of iron — ^for it is known 
by all these names. When pure, it consists, in 
10000 parts, of— 

Iron 69-23 

Oxygen 30-77 



10000 
Its symbol is therefore Fe^ C. 

619. There are also several varieties of the Ay- 
drated hcematitBy which is represented by the for- 
mula: 3 H0+2Fe^0'. This ore is even more 
common than hssmatite. 

620. day^iron'Stone^ so called on account of the 
large admixture of clay with the oxide of iron, is 
likewise abundant. The coal formations of Staf- 
fordshire, South Wales, and Scotland, from whence 
the great supply of British iron is obtained, contain 
it in form of carbonate of the protoxide of iron. 

621. Proto-carbonatb op iron, when pure, 
consists, in 100 parts, of — 

Protoxide of iron . . . . . 62 
Carbonic acid 38 



100 
Its formula is therefore Fe + CO^. 

T 
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622. Our English iron is not, however, made 
from a pure carbonate. Clay-iron-stone is a mix- 
ture, as the following analysis of a Scotch ore 
proves : — 

Protoxide of iron 45*84 

Cai-bonic acid 33-63 

Lime 1-80 

Magnesia 5*70 

Silica 7-75 

Alumina 2*43 

Coal 1-83 

Water 1*02 



10000 

623. The process of the manufacture of the metal 
is simple, unless we enter into the minutiae of the 
process. The clay-iron-stone is first roasted with 
coal, by which the carbonic acid is removed from the 
carbonate, and the metal remains in combination with 
oxygen, as red oxide of iron. It is now ready to be 
smelted. This process is conducted in the so-called 
blast furnace (see ^g. 25), a tall building, fifty or 
sixty feet high. It is open at the top, to admit the 
raw material, and for the escape of gases, but closed 
at the bottom, the fire being maintained by a blast 
of hot air introduced by the so-called tuyere-pipes, 
as may be seen in the section. Into this blast-fur- 
nace a mixture of equal weights of roasted ore and 
coal, with one-fifth of limestone, is thrown, and 
powerfully heated by means of a current of hot air, 
introduced at the bottom. The carbon of coal enters 
into combination with the oxygen of the ore> and 
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forms carbonic acid, which, together with nitrogen, 
carbonico.'^idetCarboiiettedhfdrogeD, aodaulphurona 
acid, escapes in the 
form of gas. The lime 
unites with the silica 
of the ore, and with 
other impurities, and 
forms a slag,* which, 
being lighter than the 
metal, swims on the 
surface. Inthecourse 
of a day and night the 
iron ia found in metal- 
lic shape, and is drawn 
ofFby taking out a plug 
made of clay, inserted 
at the bottom of the 
furnace. It is allowed 
to run into a bed of sand, which is formed into 
channels and furrows. 

621. Iron cast in these channels of sand is called 
pig-iron. Such iron is combined chemically with 
carbon. 

625. The quantity of metal obtained in one fur- 
nace from good materials averages forty tons per 
week, requiring about twenty tons of coke and 

• The slag is iin impure glass ; its chief emplojment is in 
the construe tian of roads. It is green, blue, and brown in 
color, derived from the combination of a portion of oxide of 
iron, nich theclay, Uoie, and aand. Theslagis, therefore, a 
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forty tons of limestone. The metal from the ore U 
usnally from twenty-five to thirty per cent. 

626. The quantity of air thrown into the furnace 
every twelve hours amounts to about sixty tons 
weight ; so that, in fact, the air, which is looked 
upon as so light a substance, constitutes a greater 
weight than that of the ore, limestone, and coke put 
together. 

627. Cast-iron is of two kinds, grey and white. 
It fuses at a temperature of 2786®. The following 
analysis will prove that neither kind consists of pure 
iron : — 

Grey cast iron. White cast iron. 

Iron 95-3 94-33 

Carbon 2 2 269 

Silicon 2-5 0-23 

Phosphorus ... 00 01 6 

Manganese ... 00 2*59 

1000 10000 

628. Grey cast-iron also very frequently con- 
tains both manganese and phosphorus. 

629. Wrought'iron is made from cast-iron by the 
process of decarbonizing. The removal of a portion 
of this carbon, or the puddling process^ is effected 
by introducing the metal into a reverberatory fur- 
nace (see p. 258); after being powerfully heated and 
stirred for a few hours, it is made into balls, which 
are liammered, and drawn between rollers while 
still hot, into bars. 

630. Wrought-iron. surpasses all metals in tena- 
city; hence its great value in the construction of 
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suspension-bridges, girders, cables, and other works 
where great strain has to be resist ed, or heavy 
weights to be suspended. 

631. Pure iron is a metal of a silver-grey color, 
fusible* at a temperature of 3330°; it is therefore 
far less fusible than either cast or wrought-iron; 
and it would even be a matter of very great diffi- 
culty to turn "scrap iron" to account, if it were 
not for an invaluable property possessed by iron, 
which compensates for its hard fusibility. This 
property of welding-\' is a very important one. 
Owing to this property, when fragments of iron 
are put together in form of faggots or bundles, and 
heated to whiteness, they may be joined into one 
mass by a few strokes of heavy hammers. 

632. In ductility and malleability iron is inferior 
to many metals. It is attracted by the magnet, and 
may be rendered permanently magnetic. 

633. In dry air and in pure water, at ordinary 
temperature, iron does not lose its metallic lustre. 

634. But in moist air, as well as in common 

* As the utmost range of a quicksilver thermometer is 
660*^, a degree which cannot be exceeded without bursting 
the thermometer-tube by the yapor of the boiling mercury, 
it may be asked, how do we ascertain higher temperatures ? 
By an instrument called a ptrobieter (from nvp, pyr, fire, 
and fifrplw, metreo, I measure). It is formed of a bar of 
infusible />/at>ntim, the expansion of which by the heat of a 
furnace having been well ascertained, is thus made the con- 
tinuation of the thermometer scale, beginning at the boiling- 
point of mercury. 

f Platinum, it will be remembered, possesses the same 
property. 
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water, it oxydizes or nists from the formation of 
hjdrated peroxide of iron. Polished iron may be 
prevented from rusting, by immersion in a solution 
of potash or soda, or by being embedded in quick- 
lime. The object of coating iron with zinc is to 
effect a similar purpose. 

635. Steel is prepared by heating iron in contact 
with charcoal. Bars of Swedish iron are embedded 
in charcoal-powder, contained in a crucible capable 
of resisting heat, and exposed for hours to a bri^t 
red-heat. The iron takes up about 14 per cent, of 
carbon, and becomes harder. The product is called 
blistered steel, from the appearance of the bars. 
The texture is improved by welding a number of 
these bars together, and drawing the whole out 
nnder a light tilt-hammer. The most wonderful 
property of steel is that of becoming very hard 
when suddenly cooled. If a piece of steel be heated 
to redness, and then plunged into cold water, it be- 
comes capable of scratching glass. If re-heated, and 
allowed to cool slowly, it again becomes as soft as 
ordinary iron. The articles forged into shape are 
first hardened in the manner described ; they are 
then tempered, or let doicn^ by exposure to a proper 
degree of annealing heat, which is often judged of 
by the color of the thin film of oxide, which appears 
on the polished surface. Thus a temperature of 
about 430o F., indicated by a faint straw-color, 
gives the proper temper for razors; that for scissors, 
pen-knives, &c., will be comprised between 470® and 
490**, and be attended by a full yellow or brown 
tint. Swords and watch-springs require to be 
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softer and more elastic, and must be heated to 
550° or 560°, or until the surface becomes deep 
blue. Attention to these colors has now become 
of less importance, as metal baths are often substi- 
tuted for the open fire in this operation. (Fownes.) 

636. The valuable qualities of iron are too nu- 
merous and well-known to require mention, but 
among its many uses its value as a medicine must 
not be forgotten. Many springs derive their name 
from the iron contained in them. Chaljbs is the 
Latin for steel ; hence the derivation of chalybeate. 
There are very few waters that do not contain 
traces of iron. A quantity of bi-carbonate of 
iron, FeO, 2 CO^ the form in which it is usually 
contained in water, not exceeding one-fifth of a 
grain in a gallon, is sufficient to give it a decided 
taste. When waters contain much of it, they give 
positive signs of its presence, by leaving a yellowish- 
red stain of ochre on the soil over which they pass; 
for not only is carbonate of iron insoluble in water 
containing no carbonic acid, but its tendency to 
attract oxygen is so great^ that when once it comes 
in contact with air, it, by its conversion into a 
higher state of oxydation, entirely loses its solu- 
bility. Iron-ochre is, therefore, a higher grade of 
oxydation than that we meet with in clay-iron-stone> 
or in solution in chalybeate waters. 

637. A common and much used proto-salt of iron, 
is the PBOTo-suLPHATE OP IRON, FeO,SO'-l-7 HO, 
commonly called green vitriol or copperas. It 
is prepared by several methods, only two of which 
require notice. By dissolving iron in dilute sul* 
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phuric acid, proto-sulphate of iron is formed, and 
hydrogen liberated. The more common process is 
by partially roasting iron-pyrites, ezposidg it to the 
action of air, extracting with water and crystalliza- 
tion. It forms light blueish-green crystals, whidi 
are soluble in 1*6 parts of cold, and 0*3 of boiling 
water. 

638. Of the persalts of iron, none is of so mudi 
household importance as common ink, by whidi 
thoughts and words are committed to paper. The 
basis of black ink are galls and a salt of iron. The 
iron-salt should be a mixture of protoxide and per- 
oxide : the solution of galls should be perfectly dear 
and free from sediment. The iron-salt employed 
is the proto-sulphate of iron. By boiling, the 
protoxide takes up oxygen from the air, and be- 
comes partly changed into peroxide. Black ink is, 
chemically speaking, fertannate of iron sus- 
pended in water. The latter is naturally insoluble 
in water, but kept in suspension in the ink by 
means of gum-arabic. The galls contain the tannin, 
which unites with the peroxide of iron to form the 
black pertannate of iron. 

639. Iron is, from improper diet, and other causes, 
frequently deficient in the blood ; hence the use of 
some of its salts as a medicine. The potash-tar" 
trate of iron, so much used as a tonic, is obtained 
by boiling the peroxide with cream of tartar. 

640. Prussian-blue, the fine blue color used for 
dyeing woollen dresses, is a salt of iron. It is also 
used by washerwomen, under the name of blvs, to 
hide the yellow color of linen. 
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641. Sulphide op iron, FeS^ is of very common 
occurrence. It strikes fire with steel, whence its 
name, iron pyrites. It has usually metallic lus- 
tre, and a more or less golden color. It is much 
used in the manufacture of sulphate of iron, sulphu- 
ric acid, and alum. In some kinds of coal, too^ it 
abounds, greatly to their injury. 

642. Of all metallic substances, iron is the most 
universally distributed throughout nature in a state 
of combination.. , It is to be found in leaves, fruits, 
stalks, stems, and fidwers ; in the soil we tread, and 
in many minerals ;. in the flesh; and blood of men 
and animals ; and even in milk and water. And as 
an agent of civilization it ranks so high, that it may 
be safely called the most important of all metals. 
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QUESTIONS ON CHAPTER YJU, 

464. Where is the grand storehouse of the metals ? Are 
they naturally found native ? Are they found in combina* 
tion with one another? What are they then called ? With 
what elements are they usually combined? Name the com- 
pounds. 

465. How many metals are known to chemists? Are any 
of them rare? How many household metals are there? 
Name them. By what properties are they disting^hed? 

466. What is their most striking physiod property ? Upon 
what is it dependent? 

467. Are metals possessed of taste? Why not? 

468. Is there much difference in the specific gravity of 
metals? How wide a one? 

469. Do the metals vary much in point of color? 

470. Are metals fusible? Is there any wide difference as 
regards this property? Give instances. Do metals ever 
soften before they melt? Give an example. 

471. Are metals capable of assuming the three forms of 
matter? Do you know one that does ? 

472. What do we understand by malleability? Are all 
metals equally malleable ? Give examples. 

473. In what respect does ductility differ from mallea- 
bility ? What important matter depends upon ductility ? 

474. Give proofs of the power of metals to conduct heat 
and electricity. 

475. Do metals crystallize? What do we mean by the 
term ? What causes crystallization ? What forms of crystal 
are most common ? 

476. What are the natural compounds of the metals called ? 
How are they usually found ? What is the process for get- 
ting [the ores called ? Does the mode vary ? To what ex- 
tent, and dependent upon what ? What do we mean by yen* 
tilation ? How is it accomplished ? 
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477. What are naturally pure metals called ? 

478. Are metals combustible in oxygen ? In what state 
are metals usually found? 

479. Do oxides vary much ? How many grades are there? 
What is the type of a basic oxide or salifiable base ? Name 
the three classes of oxides. Give an example of a metal 
having three such compounds. 

480. What do we mean by a suboxide and a superoxide? 

481. What is the nomenclature of salts? What are oom- 
binations of carbonic and sulphurous acids called ? 

482. How are salts distinguished when the same acid 
forms compounds with all three basic oxides? Give an 
example. 

483. Is this nomenclature complete ? Why is it sufficient? 

484. What is the Latin name for gold? Its equivalent? 
"Specific gravity ? Are traces of the metal commonly met 
with? Is it ever found otherwise than native? 

485. Is it ever found in the United Kingdom? Name 
some places. Why is it not worked in Ireland ? 

486. Where are the richest mines in Europe ? What do 
you know of them ? 

487. How do the negroes obtain it in Africa ? 

488. Do we obtain much gold from Russia ? 

489. Did Columbus meet with it in Hispaniola? Who had 
large presents of gold made to him at the conquest of Mexico? 
Who discovered the celebrated Potosi mine? Belate the 
«tory. Is it alone famed for gold? Is gold found in the 
Brazils? Give an instance of the accursed lust of gold. 
What is the appearance of the river in which the gold was 
found? 

490. Does California abound in gold ? Who first suggested 
that gold might be found in Australia ? Who discovered it 
there ? In what part was it first found ? 

491. In what kind of soil was it found ? Were any farther 
discoveries made ? Relate what you know. 

492. What is the nature of the soil in which the gold is 
^usually found ? At what depth ? 

493. How is the gold separated from the dross ? 

494. Is gold digging an easy process ? 
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495. Where may further information be obtained ? 

496. When gold is embedded in stone, what process is 
employed ? 

497. What kind of a metal is gold? Why was it called 
king of metals ? Why is the son its symbol ? Isit malleable ? 
Is it ductile? Give an instance? How is the art of wire- 
drawing accomplished ? 

498. What is gold usually alloyed with ? Why so ? How 
much copper do our coins contain ? 

499. How is gold-leaf made ? What is its thickness ? 

500. What is it used for? 

501. How is electro-^ding effected ? 

502. Are the salts of gold important? 

503. By what Latin name is silyeb known ? What is its 
specific gravity? Its symbol? Equivalent? What name 
did the alchemists give to silver ? Why ? Is it found native ? 
Ever otherwise ? 

504. How are the ores found ? Is it ever found like gold? 

505. How is native silver usually found ? Belate what you 
know of the piece found at Schneeberg in Saxony ? 

506. Do the lead-ores of England contain silver? 

507. What do you know of Hungary as a source of silver? 
Where is it found ? How much does it yield? 

508. Do the Bohemian mines afford much ? 

509. How much silver do the Norwegian mines yield? 

510. Which are the most important Asiatic mines? How 
much have they afforded in the last hundred years ? 

511. Which is the chief country for silver? Which are 
the most celebrated mines ? What is the name of the moun- 
tain? Describe it? Why is the river La Plata so called? 
How much silver do all the mines of South America yield 
annually ? 

512. How is much of the silver of commerce obtained? 

513. What is the Mexican process? What is the object 
of straining the amalgam? 

514. Is much obtained from lead-ores? What are such 
ores called ? How, obtained ? What is the theory of the 
plan? What distinguishes base from noble metals? 

515. What is the character of pure silver ? Is it as hard 
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as gold? At what temperature does it melt? To what is 
the tarnishing of silver due? Is it malleable and ductile? 
How do you know it is the latter ? 

516. What objection is there to the use of silver for deco- 
rative purposes? What causes it? Can it be prevented? 
What is it a compound of? Is it ever found native ? 

d]7. What metal is usually alloyed with silver? How 
much alloy is there in our silver coin ? How is the blanching 
of silver coin performed ? 

518. How is the better kind of pladng performed? What 
is it called ? 

519. Is it the most usual process ? How is electro-plating 
accomplished? What is the objection to the electro-plate 
lining of saucepans ? 

520. What oxides of silver exist ? What is the formula 
of the protoxide ? How may nitrate of silver be prepared? 
What is lunar caustic ? Why is it called lunar ? What is it 
employed for? 

521. What is indelible ink? 

522. For what other purpose is nitrate of silver employed? 

523. Is chloride of silver ever found native? Where? 
What do mineralogists call it? Howmay it be prepared? 
What is its composition ? What are its properties ? 

524. Upon what property in salts of silver is the process 
of Calotype dependent ? 

525. What is fulminating silver ? 

526. What is the Latin name for quicksilver? Its eq. ? 
Sp. gr. ? Is the metal of much use ? Whence the name 
quicksilver and hydrargyrum ? 

527. Why is it called mercury ? What meaning do we 
now-a-days attach to mercurial? 

528. Has quicksilver been long known ? What does Pliny 
relate concerning it ? 

529. What new source of quicksilver has lately been dis- 
covered? 

530. Where are the other principal mines ? What do you 
know of the one at Idria? Does it injure miners' health? 
How is the ore obtained? 

531. What is the process of obtaining the metal? 
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532. Is the same plan porsaed in Spain ? 

533. Describe pure qaicksilver? At what temperature does 
it begin to fly off in vapor ? At what temperature does it 
bcnl? At what temperature does it become solid? Under 
what circumstances does it tarnish ? 

534. In what instruments is mercury employed? 

535. What are alloys of mercury called ? 

536. How are looking-glasses made ? 

537. What amalgam among others is used for stopping 
teeth? 

538. How many basic oxides has quicksilver ? 

539. Describe the protoxide of mercury ? What is it com- 
posed of? What important salt does it form with chlo- 
rine ? 

540. What is the common name of the peroxide ? What 
ware its characteristics ? What is the effect of heat upon it? 
What is it employed for ? Of what color are its salts ? What 
is characteristic of them ? How may corrosive sublimate be 
prepared ? What is its proper name ? Is it soluble in water ? 
What is the best antidote ? 

541. How much metal does cinnabar contain ? What is 
its proper name ? Of what is it a compoimd ? When em- 
ployed as a pigment, what is its usual name? How may it 
be prepared? Who are the most successful manufacturers? 
What is vermilion used for ? 

542. Of what use is fulminating powder? 

543. What is platinum ? Why is it so useful to chemists ? 
What are its chief properties ? Where is it found ? 

544. What is the Latin for zinc ? Its symbol ? £q. ? 
Sp. gr.? Is zinc an abundant metal? Is it useful? Why 
and for what purposes ? 

545. Was zinc known to the ancients ? Under what name ? 
For what purpose was it employed ? 

546. Who iirst makes use of the name zinc ? Was it com- 
mon in the sixteenth century ? Has it been long known in 
India and China ? 

547. Does zinc occur native? In what forms of combina- 
tion does it occur ? 

548. Which compound is preferred for obtaining the metal? 
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How is the process conducted ? Upon what principles does 
it depend ? What is a muffle ? 

549. Describe the properties of zinc ? Is it not a brittle 
metal ? How then may it be rolled into sheets ? At what 
temperature does zinc melt ? 

550. What is the commercial name of zinc ? What is the 
extent of the annual produce of Silesia ? 

551. By what process is iron coated with zinc? What is 
such zinced iron called ? 

552. What other important process does zinc sub- 
serve? 

553. What oxides has zinc ? What properties has the pro- 
toxide ? What is its composition ? Of what color are its 
salts ? What is the characteristic of its soluble salts ? 

554. What is the commercial name of carbonate of zinc? 
Of what use is it ? What is it composed of? What are its 
properties? 

555. What is the common name for sulphate of zinc? What 
are its properties? How much water of crystallization does 
it contain? In what process is this salt largely formed? 
State the nature of the change. 

556. What is sulphide of zinc ? What is it composed of? 
What is blende ? What other name has it? Is it ever em- 
ployed in the manufacture of zinc ? How ? 

557. For what commercial purpose is oxide of zinc em- 
ployed ? Why is it preferable to white lead ? 

558. What is the Latin name of lead? What is its sym- 
bol? Equivalent? Sp.gr.? Is it abundant? Only second 
to what metal ? What great physical property does it pos- 
sess ? Hence its suitability to what purposes ? 

559. What is the name of the chief ore of lead ? 

560. Is lead abundant in England? In what counties? 
As what ? 

561. Does lead-ore ever contain silver-ore? In what com- 
bination ? What is silver-befiring lead-ore called ? How is 
lead obtained from its ore ? What furnace is used ? Give a 
description of it ? 

562. Can you g^ve an idea of the manner in which the 
sulphate and sulphide re-act upon one another? 
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563. How much lead-ore do the mines of Great Britain 
furnish? 

564. What is the character of the metal? 

565. Were lead pipes ever used of old ? Has sofb water 
any efiPect upon lead ? What is it in the water which injuies 
the lead ? Does hard water act upon lead ? 

566. What name did the alchemists give to lead ? What 
symbol? 

567. How many basic oxides of lead are there? 

568. What is the character of the protoxide ? What is 
litharge ? In what respect does massicot differ from litharge? 
Of what color is the pure protoxide? What color are its 
salts? 

569. What is the common name for carbonate of lead? 
How is commercial carbonate prepared? What is the theory 
of the process? What are the properties of carbonate of 
lead? Is it a poisonous salt? Soluble in pure water? Can 
it ever be taken up by water? Is it then safe to keep soft 
water in leaden cisterns or pipes? 

570. What is sugar of lead in chemical lang^uage ? What 
is it composed of ? What is goulard water ? 

571. Of what color is chromate of lead? What is it used 
for? What is chromium ? Whence the name ? 

572. How is red lead prepared ? What is it composed of? 
What is it used for ? 

573. What is sulphide of lead ? What are its properties? 
How may it be distinguished from the metal ? Why does 
lead-paint tarnish ? 

574. What is type-metal ? Why is it employed? 

575. What is the Latin name for tin? What its symbol? 
£q. ? Sp. gr. ? Has the metal been long known ? What 
ancient people traded with us for tin ? Where else is tin 
found? 

576. Under what influence did the alchemists imagine tin 
to be placed ? What metal did they try to transmute it into? 

577. What is the principal ore of tin ? Does it occur in 
any other form ? 

578. What is the oxide called in Cornwall? 
579* Where in Cornwall are the chief tin mines ? 
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580. Give a description of the meshanical part of the pro- 
cess of preparing the ore ? 

581. What is the name of the vats in which the ore is 
washed ? 

582. What is the object of roasting the ore ? How is the 
oxygen of the oxide got rid of? Of what does the slag 
consist ? 

583. What is further done to the impure metal ? 

584. Into what sized blocks is the metal cast? What are 
these blocks called ? 

585. Where are the largest stream-tin works ? Why are 
they so called ? 

586. What two kinds of tin are sold? Which is the 
purest? 

587. What color is pure tin ? Why does it crackle when 
twisted ? Is it malleable ? 

588. Is tin much acted upon by the air? At what tem- 
perature does it melt? 

589. How is common gilt-paper made ? 

590. Does tin combine with oxygen ? In how many pro- 
portions? What is putty -powder ? What is it used for? 
How is it prepared ? 

591. What is the composition of binoxide of tin ? Why is 
it important? How much tin docs the world furnish an- 
nually? How much does England alone supply ? 

592. What is the purple of Cassius? 

593. In how many proportions does sulphur unite with tin? 
Which is the only important one? Were the alchemists ac- 
quainted with it ? What use is now made of it ? 

594. Are any of the alloys of tin important ? Name them. 

595. What is the Latin name of copper ? Its symbol ? 
Eq. ? Sp. gr. ? Whence is the name derived ? Of what is 
the <E8 of the ancients an alloy ? 

596. Does copper occur native ? 

597. In what form is it abundant? What is the most im- 
portant ore ? . What is it usually a compound of? Where 
are mines of it to be found ? 

598. In what parts of the world are copper-ores found? 
Where is the chief mine of Sweden ? 

u 
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599. Where U the process of reduotion carried on ezten- 
sirely? Why is the ore roasted? In what kind of a fur- 
nace? Why is sand mixed with the roasted ore? Which 
metal is to be got rid of? What is the last part of the 
process? 

600. What color has copper? Has any other metal the 
same color ? What are the properties of copper. At what 
temperature does copper melt? 

601. To what purposes is copper put? Why is it em- 
ployed for musical instruments ? 

602. Is copper used for money? How many pence are 
coined out of a pound ? 

603. In how many proportions does copper unite with 
oxygen ? 

604. What is the red oxide composed of? What tire its 
uses and properties ? 

605. What oxide forms important salts ? What is its com- 
mon name ? Under what circumstances is it formed ? Wliat 
color does it give to glass ? 

606. Of what color are its salts ? Are they poisonous ? 
Why should saucepans be kept very clean ? Of what nature 
is the compound formed upon copper in moist air ? 

607. What is malachite? Where is it found? 

608. Of what color is sulphate of copper ? What is it com- 
posed of ? Is it much used in the arts ? 

609. What of acetate of copper? What is its common 
name? What color does a little verdigris communicate to 
pickles ? Should they not be rejected ? 

610. What is copper-pyrites composed of? Of what color 
is it? 

611. Of what color is the ordinary sulphide? 

612. Are any alloys of copper important? Name a few of 
them? 

613. Is NICKEL ever alloyed with copper? Where is it 
found ? For what is it employed ? 

614. What is the Latin name of iron? Its symbol? £q. ? 
Sp. gr. ? Has iron been long known? In what ancient 
books is it mentioned ? What name did the alchemists give 
to it? 



HOUSEHOLD METALS. 291 

615. Is iron ever found native? Where? What is me- 
teoric iron ? 

616. What are the sources from which iron is usually 
made ? 

617. What combination of oxides forms a most valuable 
ore ? What is its common name ? Why given ? What is 
its composition ? 

618. Whatis hsBmatite? Where does it abound? What 
is it used for ? 

619. What does the hydr^ted hsematite consist of? Which 
oxide is most abundant ? 

620. Why is clay-ironstone so called? Whence do we ob- 
tain our chief supplies ? In what form is the iron contained*? 

621. What is carbonate of iron composed of? 

622. Is English iron made from a pure carbonate ? What 
is it mixed with ? 

623. What is the process of smelting ? What change does 
the clay-ironstone undergo in roasting? With what sub- 
stances is the roasted ore mixed ? Describe the blast-fur- 
nace. What changes go on, in the heated mass of ores? 
What gases escape? Of what nature is the slag? Why 
does it swim upon the metal ? 

624. What is the cast-iron called ? 

625. How much metal may be obtained per week from a 
good furnace ? How much metal does the ore average ? 

626. How much air is thrown into the furnace every 
twelve hours ? 

627. How many kinds of cast-iron are there ?^ At what 
temperature does it fuse ? 

628. Does grey cast-iron ever contain phosphorus and 
manganese ? 

629. How is wrought-iron made? What is the process 
called ? 

630. In what rejects does wrought-iron excel ? When is 
it employed ? 

631. Of what color is pure iron? At what temperature 
does it melt? Howls so great a heat ascertained? How 
are masses of iron joined together ? By what process ? 

632. What curious property is possessed by irou? 
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633. Does iron undergo change in dry air? In pure 
water? 

634. But in moist air? In common water? What is the 
change called ? How may the rusting of polished iron be 
prevented ? 

635. How is steel made ? In what does it differ from iron ? 
What is the product called ? How is steel tempered ? Has 
temperature anything to do with the color of manufactured 
articles? What? 

636. Is iron useful in medicine ? Is it contained in water ? 
In what form ? 

637. What is green vitriol ? How may it be prepared ? 
What properties have the crystals ? 

638. Which persalt of iron is of most importance ? What 
is ink ? Is pertannate of iron naturally soluble in water ? 
How then is it kept in suspension ? 

639. Why is iron ever used in medicine ? What common 
salt of iron is frequently administered ? 

640. What is prussian-blue employed for? 

641. What is the common name for sulphide of iron ? 
What are its properties ? Is it ever contained in coal ? 

642. Is iron much distributed throughout nature ? 
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SUGGESTIONS 



FOR EXPERIMENTS. 



Chemistry is a science so dependent on experi- 
ment, that it may be averred that a man may ex- 
pend a lifetime in reading about it, without attain- 
ing to any satisfactory knowledge on the subject. 
We may read about the changes which the air 
undergoes in the processes of respiration and com- 
bustion — we may hear that a burning candle is 
changed into water and carbonic acid — we may 
see a blue-bell on the solitary heath become red 
during a thunder-shower; — ^but how much more 
deeply do such facts become impressed upon the 
mind, when we can prove these results to be con- 
stant and ever recurring under similar circum- 
stances. 

To enable the OARfiFUL student better to under- 
stand the subject-matter of Household Chemistry, 
the performance of the following experiments is 
suggested. 
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CHAPTER I. 



SUGGESTIONS FOR EXPEBIMENTS ON THE CHEMISTBT 

OF THE ATMOSPHERE. 

I. The physical properties of the air are best 
exhibited by the air-pump; some of them may, 
however, be illustrated by very simple apparatus. 
That the air, for instance, is a material substance, 

and fills every space which we are ac- 
customed to call empty, the following 
experiment will prove: — ^If a cork be 
fitted closely into a medicine-phial, and 
the tube of a funnel be inserted through 
the cork, water poured into the funnel 
will not pass into the bottle, because the 
latter is filled with air. But if the fun- 
Fig. 26. nel be removed, the water by its own 
weight descends and expels the air. 

II. Again, it is a well-known fact that the air 
exercises pressure; of this the ba- 
rometer affords a good illustration. 
If the pressure of a confined amount 
of air be increased, it can be forced 
out of a narrow opening with consi- 
derable violence, as we see in the case 
of a pair of common bellows. Should 
there be water before this opening, 
the air will press it out in a thiu 

Fig. 27. stream. The ordinary spirit-bottlo 
(fig. 27), so much employed by scientific chemists 
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for washing precipitates, is conetmcted upon this 
principle. If we blow Ibrongh the shorter tube 
which only just dips into the neck of the bottle, we 
compress the air to such an extent as to force out 
the water through the other tube, which is drawn 
into a point, to give force to the stream. 

III. The chemical properties of the air require 
fuller experimental development. It has been 
already stated that the air is not an element; this 
may be proved by the following experiment, the 
performance of which requires neatness of manipu- 
lation (from manns, a hand), and etpecial cart in the 
handling of the phosphorus. The apparatus required 
is a deflagrating jar (fig. 9, p. 41,) a glass basin 
or a soup-plate, a small porcelain capsule fitted into 
a thin bung by means of sealing-wax (6g. 28), 
phosphorus, and water in a pitcher. The float con- 
^^^^ taining a small piece of phosphorus of le»t 
fl^P^ ^'^^ '^^^^ B P^B> i^ placed on the water 
^l»_J^ with which the basin or soup-plate is 
'"' filled. The stopper being removed from 
the deflagrating jar, the latter is placed over the float 
in the basin, the phogphorna 
in which is inflamed by meana 
of a piece of wire heated to 
redness. The stopper bdng 
at the same time fitted into the 
neck of the jar, the phospho- 
rus can of course only burn as 
) long as the confined air lasts, 
(fig. 29). And inasmuch as 
the supporter of combustioa 
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amounts to only one-fifth of the bulk of the atmo^ 
sphere, the phosphorus ceases to burn as soon as 
the oxygen is consumed. The snow-white fames 
of phosphoric acid (PO) which fill the jar are soon 
dissolved by the water in the basin, which at onc6 
rises and fills the space previously occupied by the 
oxygen of the air. The colorless, tasteless, and 
inodorous gas which is found in the jar, after th^ 
lapse of fifteen minutes, is nitrogen. This gas does 
not support combustion, as a lighted taper immersed 
into the jar is extinguished : the experiment thers^ 
fore proves the air to consist of mare than one sab* 
stance. 

lY. OXTGEN, VITAL AIR, Or EMPYREAL AIR. Eq. 

8 ; Sp. gr. rill. One hundred cubic inches weigh 
34*6 grains. Most abundant of all elements. Co<« 
lorless, tasteless, and inodorous. Ordinarily gase-^ 
ous. A non-conductor of electricity. Does not 
change the color of flowers or litmus. Chief sup- 
porter of combustion. Oxygen was discovered by 
Priestley, on Ist August, 1774, and in the following 
year by Scheele. It may be prepared by a variety 
of processes. 

Process 1. By heating the salt called chlorate of 
potash in a Florence flask furnished with a bent 
tube, and collecting the gas over water. Every 
hundred grains of chlorate of potash contain 40 
grains of oxygen, all of which become liberated by 
heat. Such a quantity of salt will yield about 3 
imperial pint-measures of gas. 

Process 2. By heating black hyperoxide of man- 
ganese to redness in a gun-barrel. 
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Process 3. The best method is by mixing B 
parts of chlorate of potaah with 1 of manganean, 
and hj exposure to the heat of a spirit-lamp. All 
the oxygen comes from the chlorate, the manganese 
remaining quite unaltered. The theory rf the pro- 
cess is illustrated by the following diagram:— 






Chlorio ) 1 Chlorine 

■cid { 6 Oiy^n s**A«-- 



The chloride of potassium remains i 
mixed with the manganese. 

Oxygen is best collected by means of 
ment which fig. 30 will elucidate; 




The toater-trough or pneumatic -trough here de- 
picted is most useful for collecting such gases as 
are insoluble, or with difficulty soluble in water. 
It consists of a vessel of water made of japanned 
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sheet-iron, provided with shelves, npon which stand 
the jars (filled with water and inverted) destined to 
receive the gas. 

Gases are transferred from jar to jar with the 
greatest ease, hj first filling the vessel into which the 




gas is to be passed with water, inverting it, (fig. 31) 
carefully retaining its mouth below the water-level, 
and then bringing beneath it the aperture of the 
jar containing the gas. On gently inclining the 
latter, the gas rises into the second vessel by dis- 
placing the water in it. When the mouth of the 
latter is narrow a funnel may be placed in its neck, 
and thus loss of gas will be prevented. 

PropertUs of oxygen, shewn iy 
experiment, a. Immerse a lighted 
taper (fig. 32) or a glowing taper 
into a jar of gas. h. Kindle a piece 
of sulphur in a deflagrating spoon 
(fig. 33) in a second bottle, it will 
H bum with a beautiful violet-colored 

] 1 flame. The gas formed is sulphu- 

rous acid, SO*. It has a most so&b- 
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eating odor, and first reddens, then bleaches blue 
litmus paper, c. When the spoon is perfectly 
coldy place in it a small piece of dry phosphorus, of 
the size of a pea, introduce it into a third jar of 
gas, and kindle by means of a hot wire. The result 
of the brilliant combustion is phosphoric acid, which 
possesses a very sour taste, and reddens blue litmus 
paper, d. Dip one end of thin coiled watch-spring 
into a drop of melted sulphur, and fasten the other 
end to a small bung; introduce it with the sulphur 
kindled into a fourth jar of gas; the resulting oxide 
of iron is insoluble, and does not redden blue litmus 
paper. 

V. Ozone, or modified oxygen, is produced 
during the action of an electrical machine. But a 
more ready way is by the action of phosphorus 
upon air or oxygen. Preparation, Take a bottle 
of oxygen and throw into it a small quantity 
of water, together with a stick of phosphorus ; 
ozone is formed almost immediately, and may be 
discovered by a certain test paper, which has no 
effect upon ordinary oxygen. The paper is pre- 
pared by dipping slips of white blotting paper into 
a mixture of iodide of potassium and starch. Such 
a slip of paper dipped into a jar containing ozone 
becomes blue from the separation of iodine, which 
forms with the starch a compound of that color. 

VI. Nitrogen, or azote. Eq. 14 : Sp. gr. 0*972. 
One hundred cubic inches weigh 30- 16 grains. It 
is ordinarily gaseous, colorless, tasteless, and in- 
odorous. Does not affect the color of flowers or of 
litmus. Produces no change in lime-water. Does 
not support combustion. Forms four-fifths of the 
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bulk of the air, and yet no animal can live in it 
Water dissolves one and a half per cent, of the gas. 
Nitrogen is most easily separated from air. Thus 
it remains when oxygen is withdrawn from a por- 
tion of air by means of burning phosphorus, as ex- 
plained at p. 297. Again, when dry air is passed 
over copper-turnings heated to redness in a gun- 
barrel, its oxgen unites with the copper to oxide, 
and nitrogen is liberated. 

Properties of the gas. — A lighted taper is extin-* 
guished by nitrogen gas, and it produces no change 
upon lime-water, upon turmeric, or upon blue and 
red litmus papers. It is characterized by negative 
properties. 

VII. Carbon. Eq. 6 : Sp. gr. 3 52. An element. 
Solid when in the free state. Exists under a variety 
of forms and in various degrees of purity. The 
diamond is pure carbon, usually beautifully trans- 
parent, a powerful refractor of light, and a non- 
conductor of Beat and electricity. 

Charcoal, both animal and vegetable, possesses 
the power of absorbing gases, of removing bad 
smells from putrid water, and coloring matter from 
some solutions. Graphite, soot, lamp-black, and 
coke are forms of carbon. All of them, when 
heated, unite with oxygen, to form — 

VIII. Carbonic acid, fixed air, or choke-damp. 
Symbol, CO". Eq. 22. Sp. gr. 1 524. Commonly 
a colorless gas, may by great pressure be liquified 
and solidified. 100 cubic inches of the gas weigh 
47*262 grains. Not a supporter of respiration or 
combustion. It was discovered in 1757 by Black. 

The presence of carbonic acid in the air may be 
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proved hj pouring lirae'water backwards and for- 
wards from one tumbler to another, until the co- 
lorless lime-water becomes milky-white from the 
deposit of carbonate of time. 

Its presence in exhaled air ma; be proved by 
breathing through a gkss-tube info limewater, 
which in the course of a few seconds becomes 
white. 

Exhaled air cannot support combustion. If we 
breathe into ajar filled with water, and inverted in 
the pneumatic- trough, the jar becomes filled with a 
gas which extinguishes a lighted taper, and preci- 
pitates lime- water. 

Germination produces carbonic acid. The air 
ia a closed pickle-jar, in which mustard seed has 
sprouted, extinguishes a lighted taper, and preci- 
pitates lime-water. The presence of carbonic acid 
in soda-water and ginger-beer may also be proved 
by lime-water. 

Preparation. — Buf, in order to study all the 
various properties of carbonic acid, it ia prepared 
by the action of spirits of 
salt on fragments of marble; 
the acid is poured in through 
the long funnel, and fresh 
portions added as often as re- 
quired (fig. 34). The weight 
of the gas is so great that 
there is no need of collecting 
it over water. It is usually 
made by displacement; by 
Fig St. its weight it expels the air, 

and the bottles become filled Vitb gas. 
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Properties of the pure gas, — A colorless gas of acida- 
Ions taste and smell. Poisonous, should not there- 
fore be inhaled, a. When prepared by burning 
charcoal in oxygen, the gas extinguishes flame, 
reddens blue litmus, and precipitates limewater^ 
b, A bottle of the gas made by displacement of air, 
extinguishes a lighted taper. The latter becomes 
a test of the fulness of a jar, as it goes out the 
moment it is immersed into the mouth of a full 
jar. c. Carbonic acid is soluble in water, and the 
water, which takes up its own bulk, is possessed of 
all the properties of the gas. d. A solution of car- 
bonic acid in water parts with the whole of it on 
boiling, e. The gas is so heavy, that a tumblerful 
may be poured out like water into a second tumbler, 
and if the experiment is successfully performed, a 
taper will burn in the tumbler which first contained 
the gas, but will be extinguished when plunged into 
the second. /. Carbonic acid may be proved to 

contain carbon 
by the follow- 
ing simple ex- 
periment : — Ar- 
range the car- 
bonic acid ap- 
paratus as in fig. 
Fig. 35. 35; the object 

of the bottle, a, is to dry the gas, which is passed 
throuirh oil of vitriol : in the tube, x, which is drawn 
out (not essential) place a piece of potassium- of the 
size of a pea, and re-connect it by means of the cork 
with the apparatus. Evolve carbonic acid, and then 
apply the heat of the spirit-lamp. As soon as thm 
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potassium is melted, it burns with a beautiful vio- 
let-colored flame at the expense of the oxygen of 
the carbonic acid, the carbon of which separates as 
a black mass. 

IX. Water, or oxide of hydrogen, Symbol, 
HO, Eq. 9. 

The fall of temperature which succeeds the fall 
of dew may be proved by the thermometer. The 
presence of water in the air may be proved by a 
variety of experiments, which will suggest them- 
selves. See also p. 318. 

X. Htdrogen, or inflammable air. Symbol, 
H. Eq. I. Sp. gr. 0'0696. Colorless, tasteless, and 
inodorous. Does not change the color of flowers or 
of litmus; has no eflect on lime-water; inflammable, 
but does not support combustion. The lightest of 
all matter. One hundred cubic inches weigh 2*227, 
80 that it is sixteen times lighter than oxygen, and 
thirteen times lighter than air. It is the standard 
of comparison of atomic weights. Does not exist 
naturally in the free state. Hydrogen was first de- 
scribed by Cavendish, in 1776. 

Preparation : by a variety of methods from water. 
The simplest and cheapest mode of preparing hy- 
drogen is by the decomposition of water, through 
the agency of zinc and oil of vitriol, as see p. 256. 
The arrangement is exactly the same as illustrated 
by ^g. 34, the bottle represented being the so- 
called Woulfe's bottle. The gas should be collected 
in the pneumatic-trough over water, care being 
taken to reject the first bottle of gas. It is dau' 
gerous to bring a light near to the spot where 

X 
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hydrogen is being evolved, as it explodes when 
mixed with air. Therefore it is that no experi- 
ment should be made with the first jar full of gas, 
as it is of necessity mixed with air. Again, in 
mixing oil of vitriol and water, another pfecauUon 
must be observed: it is to pour the aefcl into the 
water, and not the reverse, as great heat is evolved 
by the chemical action which ensues )tetween the 
water and the acid. About 1 part of oil of vitriol 
should be poured in a thin stream into 5 parts of 
water; such dilute acid is then fit for use. An 
ounce of zinc yields 676 cubic inches of the gas. > 

Properties of the gas. — a. No efiect upon litmus 
or turmeric paper, h. The gas is so light that it 
speedily escapes when a bottle full is 
opened to the air. e. On account of 
its lightness hydrogen is employed for 
filling balloons (fig. 36). In the illus- 
tration, the tube, x^ is supposed to be 
filled with pumicestone to absorb mois- 
ture, and any acid that may be me- 
chanically spirted up. d. A lighted 
taper plunged into ajar full of hydro- 
gen inflames the gas, but is itself ex- 
tinguished, e. When the gas is burnt 
either in aif or oxygen, water is 
iormed. /. Hydrogen may also be 
prepared by the action of dilute sul- 
phuric acid upon iron-filings, an ounce 
of which yields 782 cubic inches ; but, 
fig. 36. owing to the impurity of iron, the gas 
has always a disagreeable smell. 
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'XI. Ammonia, or hartshorn. Symbol, NH^ 
Eq. 17. Sp. gr. 0*689. Colorless gas, of strong 
pungent taste and odor. Quite irrespirable when . 
pure. Does not support combustion. Very soluble 
in water, the solution possessed of strongly alkaline 
taste and properties. 

Preparation. — By heating liquid ammonia in a 

Florence flask (fig. 37), and 
displacement of air. The 
gas being so soluble in 
water, no use can be made 
of the pneumatic-trough. 
Ammonia, however, is so 
much lighter than air, that 
it is easily collected by dis- 
placement. 

Properties of the gas.'^^ 
a. The gas blues red litmus 
paper, and browns yellow 
turmeric paper, h. It is very 
soluble in water, as the most 
simple experiment will prove. 
Close the mouth of a bottle 
full with your band, and open 
Fig. 37. ^p under water; the latter 

will rush with violence into the bottle and almost 
fill it. c. Observe the effect of the gas upon a 
lighted taper: the taper is extinguished, and the 
gas at the mouth of the bottle burns with a pale 
yellow flame. Repeat the experiment with the 
same jar of gas. As atmospheric air becomes 
mixed with ammoniai the flame of the taper bQ;^ 
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comes greatly enlarged, and its light diminished. 
d. Pass carbonic acid gas into liquid amimonia, it 
is quickly absorbed, and forms a carbonate: even' 
when saturated with carbonic acid, observe that red 
litmus is still blued. (Carbonic acid is so weak an* 
acid, that it does not remove the alkaline properties- 
of ammonia.) The addition of an acid separates 
the carbonic acid, as experiment will prove; 

XII. Nitric acid, or aqua fortis. Formed 
in air during thunder-storms. A verj powerful 
acid. Until the year 1849 unknown in its anhy- 
drous state, NO. The ordinary acid of commerce 
is very impure, generally a liquid of a yellowish 
color. Pure nitric acid is a colorless liquid, usually of 
sp. gr. 1*424. It is a true hydrate, and represented 
by the symbol, NO+4H0. 

Preparation, — Fit up the apparatus as in the dis- 
tillation of water (fig. 16, p. 74), employing a few 
ounces of common commercial nitric acid. Distil 
very carefully. Nitric acid is usually made from 
its salts, the nitrates^ two of which, the nitrates of 
potash and of soda, are very important. Oil of 
vitriol is the acid employed to drive out the nitric 
acid. The reaction is thus explained : — 

INitrateof) Nitric acid liquid nitric add. 

soda. ( Soda ,^ 

Oil of 1 Water.^ '' ^•- -.^^ 

ritrioL V Sulphuric acid . • .^^isulphateof soda. 

The process requires great caution, and should not 
be attempted by the mere tyro. Particulars will be 
found in all hand-books of chemistry. 
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, ProptrtUt of liquid acid. — a. Very corrosive, stain- 
iDg the skin deep yellow, and destroying it. The 
stain upon dreas cannot be removed, b. A most 
powerful acid, reddeniag litrans, and forming salts 
with the TarioQB metallic oxides, c. Expels carbonic 
acid from all its combinations, and may be used 
instead of spirits of salt to obttun it from marble; 
but more expensive, and requiring greater caution. 
d. Copper or iron decomposes nitric acid, sepa- 
rating deep orange red vapors of kyponitric add. 

XIII. SuLFHCBBTTKQ HTDBOGBN, or ToUen egg 
gat,SH. £q. 17. Sp.gr.1'171. One hundred cubic 
iuches weigh 36'33 grains. Product of putrefac- 
tion. Occasional constituent of air. Frequently 
of water. Gaseous, colorless, of most offensive 
odor. Not irritating, but 
narcotic Bums in air with 
a blue flame, forming »ut- 
pkurout acid and water. 
Soluble in its own bulk of 
water, the solution possesses 
all the properties of the gas. 
Most dangerous to health. 
The gas should never be 
made except in the open 
or with such arrange- 
Hg. as, ments as allow of no escape 

into the air we breathe. 

Preparation. — From sulphide of iron in the same 
way as hydrogen (fig. 38), but the gas passed at 
once into a bottle or a glass full of water, 
reaction is thus :— 




The 
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Sulphide of iron I g^^^ ' • *^Sn^«»ttedhydrog«L 






^•*- t^JS": ...,::P«.to^l..t.ofiro.. 

„ " 

- 

OilofTitriol 

Properties of iokaion in water. — a. Beddens lit- 
mus paper, and pofl oeaB es all the properties of an acid. 
Pb, Test-paper, made by dipping blotting- 
paper into solution of sugar of lead, is 
blackened, c. Such test-paper moistened 
with water detects the presence of small- 
est trace in air. d. Solution browns or 
blackens lead-paint from formation of sul- 
phide of lead, e, A most valuable test of 
the presence of many metals in solution, 
as will be further noticed. 

XrV. Law op diffusion may be illus- 
trated by a most simple experiment. Fill 
two bottles, the one with hydrogen, the 
other with carbonic acid, and connect them 
together with a tube of ^ of an inch bore 
and 2 feet long. Place them in a perpen. 
dicular position, with the bottle containing 
the heavy gas downwards (fig. 39). After 
lapse of 3 hours examine by means of 
lime-water. Both will be found to contain 
Fig. 30. as much carbonic acid. The experiment 
may be varied with other gases. 
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CHAPTER II. 

SUGGESTIONS FOE EXPERIMENTS ON CHEMISTRY OF 

COMBUSTION. 

XV. Carbonic oxide. Symbol, CO. Eq. 14. 
Sp. gr. 0*973. One hundred cubic inches weigh 
30*21 grains, or as nearly as possible as much as 
nitrogen. According to Dumas, at least 100 times 
more poisonous than carbonic acid. A colorless gas, 
almost inodorous. Combustible, with beautiful blue 
flame. Plays often upon coal and charcoal flres. 

Preparation, — The most simple plan is to pour 
half an ounce of oil of vitriol upon 1 dram of oxalic 
acid placed in a Florence flask. Put the flask 
upon a retort stand, heat with spirit lamp, and 
when the liquid boils, apply lighted paper to mouth 
of flask. A beautiful pale blue flame, generating 
carbonic acid in its combusticm, appears. Beware 
of inhaling the gas. 

XVL Light cabbonetted nTDuoGEHjfire'damp, 
mursh-gas. Symbol, CH^. Eq. 8. Sp. gr. 0*559. 
One hundred cubic inches weighing 17*41 grains. 
A colorless, nearly inodorous gas. Neither acid nor 
alkaline properties. Chief component of street gas. 

Preparation. — ^Pound together quickly 1 dram of 
acetate of potash, 1 dram of solid caustic potash, 
and 2 drams of quicklime, and transfer to a Flo- 
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rence flask connected with an ordinary bent tube. 
Place it on the retort stand, apply heat, and collect 
the gas in bottles over water. 

Properties shown by experiment. — a. No effect 
upon test-papers, b. Bums with a pale yellow 
flame, c. When it burns in contact with air, forms 
water and carbonic add, d. Extinguishes a lighted 
taper, but becomes inflamed. Beware of any ad- 
mixture of air with the gas, as a light would ex- 
plode it. 

XVIL Olefiant gas, or bicarbonetted hy- 
drogen. Symbol, C'H*. Eq. 14. Sp. gr. 0-986. 
One hundred cubic inches weighing 30*57 grains* 
A colorless gas, of very faint garlic odor, bums 
with magnificent white flame, forming carbonic 
acid and water. 

Preparation, — Mix half an ounce of strong spirits 
of wine with 2 ounces of oil of vitriol in a Florence 
flask, the tube of which passes first into a bottle 
containing a solution of potash in water, and next 
into a bottle containing oil of vitriol, in a mannejr 
best discernible from fig. 40. On the careful ap- 
plication of heat the mixture in the flask blackens, 
and quantities of gas begin to arise mixed with 
ether, sulphurous and carbonic acids. The two 
latter gases are absorbed by the potash, the ether 
combines with the sulphuric acid, and nearly pure 
olefiant gas passes in a stream through the upright 
pointed tube of the second wash-bottle. 

Properties shown by experiment, — a. A light kin- 
dles a magnificent flame of half a foot in length. 
b, A glass rod held in the light-giving portion of 
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the flame is blackened by the separation of carbon. 
c, A tumbler held at the point of the flame is be- 
dewed from the separation of water, d. A bottle 




Tig. 40 

held over the flame is flUed with carbonic acid, the 

presence of which may be proved. 

XYUI. The FLAME OF OAS. a. Contains carbon, 

the light-giving principle, which 
may be proved by depressing any 
cold substance upon the flame; 
b. in its combustion water is 
formed ; e. and carbonic acid ; 
(L the inner part cannot burn for 
want of air. (Fig. 41.) 
Pig. 41. XIX. The flame of hydrogea is 
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very ftebfe, from absence of any sdid matter. The 
weakeat flame as regards light, is that which is pro- 
daced by bnmiDg a mixture of oxygen and hydro- 
gen. A mixture of two measures of hydrogen, and 
one measure of oxygen, may be safely exploded 
by the following arrangement. Take an oval soda- 
water bottle, fill it with water, and measure its con- 
tents. Take f of the water, and pour it back into 
the bottle : cork it, and make a mark with a file at 
the place where the water stands. Fill the bottle 
with water, place it in the trough, pass hydrogen 
into it, until f of the water are displaced, and then 
fill up with oxygen. On the application of the bot- 
tle (which, for safety's sake, should be wrapped 
round with a cloth,) to a lighted candle, a loud ex- 
plosion takes place : the candle is snuffed out, and 
water is simultaneously formed. 

Hemming's jet (fig. 42,) enables 
us to bum the gas without explo- 
sion. The brass tube is filled longi- 
tudinally with wires, the cooling 
power of which is so great, as to 
prevent the passage of flame. The 
attachment of a bladder filled with 
oxy-hydrogen, to the broad end of 
the jet, enables us to bum the gas 
with safety, and to test the enor- 
mous amount of heat generated in its 
combustion. 

Properties of oxy-hydrogen, — a, A 
Fig. 43. mixture of the two gases; b. bums 
with a blue flame; c, melts platinum; d, forms water 
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in its combnstion; e. effects the most brilHant com- 
bustion of iron, steel, wood, charcoal, &c 

XX. Flame requires a high temperature for iU 
txistenee ; is cooled down by wire-gauze. In addi- 
tion to experiments, mentioned in the second chap- 
ter, and su^ested by what is there written: a. take 
a small square of wire-gauze, place upon it a piece 
of camphor of the size of a pea, heat it by spirit- 
lamp from below: it bums below, and not abore 
gauze, owing to the extent to which the flame is 
cooled down, h. Take a large glass, pour half an 
ounce of ether into it, light jour Davy-lamp, re-sur- 
round it by the gauze, and introduce it quickly into 
the glass. The ether-vapor will become inflamed 
in contact with the flame of the lamp, but the con- 
ducting, therefore cooling, power of the gauze, will 
prevent the passage of flame. 

XXI. Several experiments will prove thftt the 
interior part of flame does not bum for want of 
oxygen, a. Pour enough ether upon a cheese-plate 
to cover the bottom, attach a small piece of taper 
of half an inch height to a piece of copper-wire, 
light it, and bring it quickly to the middle of the 
plate. The ether will be inflamed, but the candle 
goes out in the interior of the flame, and is only re- 
lighted when brought into the exterior of the flame. 
h. Set fire to a further quantity of ether, and you 
may pass lucifers quickly into the interior of the 
flame : they will not light until they are drawn 
through the exterior light-giving portion, e. loLj 
a loDg but thin spell of wood across the cheese- 
plate, pour in some fresh ether, and set it a-light. 
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The wood will only bam or charr in the outer 
flame. 

XXII. Hold a copper-wire at the verj point of 
any flame, it becomes oxjdized. Depress it into 
the interior, the wire again becomes bright. 

XXIII. The oxydizing and deoxydizing portions 
of flame are better witnessed when the blowpipjs 
. J (fig. 43) is employed. When air from the 

I mouth is blown through the tube caUed the 
I blowpipe, the heat of the flame is much in- 
creased by the oxygen thus introduced. It 
is, in fact, the heated air which produces 
oxydation, and not the luminous flame, f(Hr 
7ig- 43. bodies must be held a little in frqnt of the 
visible flame, in order to effect their oxydation. 

The blowpipe is exceedingly useful for heating 
pieces of charcoal, for combustion in oxygen* Ej 
the chemist its use is constant. 

XXIV. The necessity of air to all the ordinar]^ 
phenomena of combustion, may be proved by such 
a variety of experiments, that only a few can be 
mentioned, a. The absence of air in the interior 
of flame, is the cause of the hollowness of flame, 
and its impartial combustion. Oxy-hydrogen flame 
is not hollow, as it possesses all the oxygen neces- 
sary for the complete combustion of its hydrogen, 
and is not dependent upon air. b. Phosphorus 
ceases to bum (fig, 28, p. 297) when the oxygen in 
a confined atmosphere is consumed, c. Instead of 
phosphorus, place a small taper in the float, light 
it, and watch the result. The air first expands 
from the heat of the flame and from the vapor 
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of water, as well as from the formation of heated 
carbonic acid gas : but soon the candle is extin- 
guished, the carbonic acid is absorbed by the water, 
which rises and fills the space once occupied by oxy- 
gen, d. Instead of the taper, use a little ether or 
alcohol, which, by combustion in air, are also changed 

into carbonic acid and water, e. Place 
a lamp-glass over a small piece of a 
lighted taper (Fig. 44): the candle 
goes out because no fresh air is ad- 
mitted from below. /. Admit air 
from below, but close the top of the 
chimney-glass: the lighted taper will 
again be extinguished, because there 
is no escape for the products of the 
Pig 44^ combustion of the candle, g. Place 
the glass upon two pencils, or any pieces of wood, 
and you will find the taper will continue to burn 

quietly: air rushes in at the bottom, 

and the heated foul air escapes at 

the top. h. These glasses are to the 

candle or the lamp, what the chimney 

is to the fire-place — the narrower the 

chimney, the greater the draught. If 

we divide the chimney-glass into two 

channels, by a partition of card-board, 

(see fig. 45,) the candle continues to 

burn, although no air is admitted 

Pig. 45. fpQjjj ijelow. A draught of air sets 

in from the top to the bottom, and the foul air 

escapes at one 6nd of the partition: and this is easily 

proved, as the smoke arising from the long wick of 





318 APPENDIX. 

toi extinguished tallow candle will be drawn inwards 
on one side, and expelled on the other, i. An ex- 
tinguisher puts out the candle bj cutting off the 
escape of the foul air arising in its combustion^ 



CHAPTER III. 

SUGGESTIONS FOE EXPERIMENTS ON THE CHEMISTRY 

OF BREAKFAST. 

XXV. Water or PROTOXIDE of hydrogen. Sym- 
bol HO. Eq. 9. Sp. gr. 1. The standard of com- 
parison of the weight of liquids and solids. First 
proved by Cavendish to be the sole product of the 
combustion of hydrogen. Transparent, colorless, 
tasteless, inodorous. Powerful refractor of light. 
Imperfect conductor of heat and electricity. Very 
incompressible. One cubic inch weighs 252*458 
grains at ordinary temperature and pressure : it is 
815 times heavier than air. 

• Properties shewn by experiment, — To form water 
by synthesis (avyOearigj synthesis, composition or put- 
ting together.) a. Burn hydrogen gas in air. b. 
Burn oxy-hydrogen, to prove that water is not an 
element, c. Pass steam over red-bot iron filings, 
(see fig. 15, p. 71). d. You obtain hydrogen from 
water, e. Obtain the purest natural water from 
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melting freshly fallen snow. /. Collect falling rain 
in a clean basin, at some distance from the house. 
g. Boil rain and snow water, the escape of bubbles 
of air will prove the fact that water is capable ot 
absorbing gases, h. All water which has once fallen 
on the ground, contains various mechanical and che- 

mical impurities. Bemove 

themechanical bjfiltration, 
{^g. 46,) and the chemical 
bj distillation (fig. 16, p. 
74). t. The chief salts 
in water are common sall^ 
gypsum, and chalk. Com- 
mon salt, or chloride of so* 
dium, is detected in water, 
by the addition of one drop 
of a solution of nitrate of silver in pure water. If 
present, a white precipitate of chloride of silver en- 
sues, and thus nitrate of silver is said by chemists to 
be a test of the presence of chlorine. Gypsum is suU 
phate of lime. One ounce of water will dissolve about 
a grain. Chloride of barium is a test of the presence 
of sulphuric acid, and oxalate of ammonia of lime in 
the gypsum. Insoluble sulphate of baryta is precipi- 
tated in the former case, and oxalate of lime in the 
other. Gypsum is less soluble in cold water than in 
boiling, and is deposited from all waters by a long- 
continued boiling, according as the water evaporates. 
Carbonate of lime is also found in common spring- 
water. It is held in solution by carbonic acid, as bi- 
carbonate of limCy CaO + 200^. This salt loses 1 eq. 
of carbonic by boiling, and therefore it is that aU 



Fig. 4». 
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nataral waters deposit carbonate of lime when bmled. 
Tht simplest experiment proves this. Carbonic add 
passed into lime water, throws down white carbonate 
of lime, but an excess of the gas re-dissolves the pre- 
cipitate. On boiling, the clear solution at once re- 
deposits carbonate of lime. k. Water boils at 212* 
under ordinary pressure and temperature, as the 
thermometer proves. 

XXVI. Tannin is of very frequent occurrence 
in plants, and imparts the well-known astringent 
taste. (It combines with metallic oxides, and forms 
salts; tannin is therefore usually called tannic Acm, 
C" H» 0», 3H0. It also combines with the skins of 
animals, forming leather or tanno-gelatin^ a substance 
insoluble in water, and incapable of putrefacticm.) 
A solution of perchloride of iron is a test of the pre- 
sence of tannin whether in black or green tea, in 
gall-nuts, catechu, sumach, divi-divi, the rind of the 
walnut, &c. The young chemist may amuse him- 
* self by examining various fruits, barks, roots, with a 
view of proving the presence or absence of tannin. 
Per-tannate of iron is a blueish-black compound, 
and forms the dye of common black ink. Because of 
the change of color, a per-salt of iron is a test of 
tannin. 

XXVIL Cank-sugab, C»» H" O". In the root 
of the beet and mallow, in the sap of many trees. 
Sp. gr. 1.6. Unchangeable in air. Crystallizes in 
oblique six-sided prisms, see fig. 17, p. 85. 

Properties shemi by experiment. — a. Sugar is solu- 
ble in one-third of its weight of water, and forms a 
clear, colorless syrup, b. A strong saturated solu- 



SUGGESTIONS FOB EXPERIMENTS. 321 

tion will crystallize if set aside in a warm place. 
c. When gentlj heated sugar melts, and solidifies 
on cooling, forming a glassy amorphous mass. Pro- 
perly seasoned it forms barley-sugar, d. Heated 
carefully till it browns, sugar loses 2 eqs. of the 
elements of water. It then forms caramel, C^^ H' O®, 
so much used for coloring sherry, brandy, soups, &c. 
€, Pour oil of vitriol over a morsel of sugar in a 
test-tube (fig. 47), and heat it carefully over the 
spirit-lamp. Black carbon separates, and the 
oil of vitriol becomes dilute by combining 
with the water obtained from the sugar by 
the action of the acid. /. Put a lump of 
sugar into a cup, cover it with boiling water, 
and add carefully a small quantity of sul- 
phuric acid. The same result as e, without 
the application of heat. 

XXYIII. Grape-sugar, glucose, sugar 
OP FRUITS. C'^H^O^*. Abundantly dif- 
fused throughout fruits. 
Fig. 47. Properties shown by experiment, — a. It may 
be extracted from honey by washing with cold alco- 
hol, which dissolves out the syrup, and leaves the 
crystalline grape-sugar, ft. It requires It parts of 
cold water for solution, c. Its solution is therefore 
less sweet than that of cane-sugar, d. It crystallizes 
in granular, warty masses, e. When heated, it melts 
and loses 4 eqs. of water, and has then the same com- 
position as starch. /. It dissolves in oil of vitriol, 
without blackening, and forms stdpho-saccharic acid, 
XXIX. Milk, the secretion intended for the 
nourishment of the young. 

T 
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Properties by experiment.-^-a. Under the miero- 
soope, milk is proved to be an emulsion, h. The 
butter may be obtained bj churning or agitation, c 
The acids of rancid batter being solnble in water, 
boiling several times with twioe its quantity of 
water, will free it from its rancid taste, d. A few 
drops of muriatic add added to warm milk, sepa- 
rates the casein in white flakes, e. If you filter the 
casein from the liquid, and boil the latter, it becomes 
slightly cloudy, from the separation of aUmmin. /. 
A small piece of rennet (calf's stomach) kept over- 
night in a spoonful of water, gives to the latter the 
property of coagulating new milk. Such water 
thrown into a quart of new milk, will, in the coarse 
of a few hours, separate casein and butter in form 
of a curdy mass. By pressure of the curd, we 
obtain the so-called cream-cheese, g. Sugar ofmUk 
or laetin, C^H^^O", is obtained by evaporating 
whey. It crystallizes in white, translucent^ four- 
sided prisms, of great hardness. It requires from 
five to six times its weight of cold water for solu- 
tion. 

XXX. Starch, C^I^»0^^ is found in all plants, 
but is most abundant in seeds and roots. 

Preparation. — a. Thus, starch may be easily pre- 
pared by rasping various roots, and washing the 
mass upon a sieve. The torn cellular tissue re- 
mains on the sieve, while the starch passes through 
with the water, b. It may be obtained from dough 
by washing a spoonful in a small muslin bag : the 
starch settles down from the water as a white inso- 
luble powder. 
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Properties — a. Starch, whether obtained from flour, 
rice, tapioca, sago, cassava, arrow-root, or potatoes, 
is always insoluble in cold water, h. The starch-gra* 
nules vary in form and size, as the microscope dis* 
covers, e. Mixed with boiling water, starch forms 
a thick gelatinous mass, slightly opalescent from llie 
shreds of fine membrane which envelope each sepa- 
rate globule, d. The best test of the presence of 
starch is free iodine, which forms with it a deep 
blue compound. When a solution of iodine in spirit 
IS added to any compound containing starch, or when 
the vapor of iodine comes in contact with it, the blue 
c(Hnpound is formed. The merest speck of iodine 
is sufficient for the purpose. 

XXXI. Gluten or glutin. 

Preparation, — Moisten a handful of wheaten flour 
with sufficient water to make it into a thick paste. 
Enclose it in a piece of muslin, and knead it under 
the tap, or in a bucket full of water, as long as the 
water appears milky. The starch having been thus 
removed, gltUen remains behind, mixed with v^e- 
table fibrin, and is a viscous, tough, grey, substance, 
a. It is perfectly insoluble in water; b, and very 
adhesive, glueing the fingers together. 

XXXII. The EGG-SHELL consists of carbonate of 
lime CaO -f CO*, and membrane. 

Properties by experiment, — a. Hydrochloric acid 
dissolves the shell, as the following diagram proves: 

Carbonate f Carbonic acid Set free. 

lime 3 5 Oxygen^ \,^ 

Hydro- ) Hydrogen ^Wai^?''->. _, .. . , . 

cnlonc acid J Chlorine- -Chlondeof calcmm. 
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b, K the egg be placed in a tumbler, and sufficient 
acid be poured upon it to float it, innumerable bub- 
bles will be seen to escape, c. The escaping gas 
will extinguish a taper, d. If some of the gas be 
passed into lime-water, the latter will be precipi- 
tated white. 

XXXIU. Albumen or albubon, the white of 

egg- 
Properties by experiment. — a. An egg hardens by 

boiling, the albumen of which sets both in the white 
and the yolk in the course of Ave minutes. 6. The 
albumen of a raw egg is soluble in cold water, e. 
The solution coagulates when heated. The tem- 
perature, according to the state of dilution in which 
the albumin exists, varies from 145^ to 170**. The 
temperature at which the white of an egg sets is 
150**. d. When albumen is dried at a gentle heat, 
it shrinks to a very small bulk, and becomes a trans- 
lucent homy mass, soluble in cold or warm water. 
Hot water, of course, coagulates it. e. Albumin, 
beaten up, forms a porous white froth. /. Blackens 
a silver spoon from formation of black sulphide of 
silver. 

XXXIV. Oil of eggs, is the tasty principle of 
an egg. 

Properties by eocperiment, — a. The oil may be 
pressed out from a hard-boiled yolk. b. Or it may 
be extracted by ether, in which it easily dissolves. 

c. It is a yellow oil, of peculiar smell and taste, d. 
Stains paper with a yellow grease spot. e. Bums 
with a bright flame. 
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CHAPTER IV. 

SUGGESTIONS FOR EXPERIMENTS ON THE CHEMISTRY 

OF FERMENTATION* 

XXXV. A FERMENT, that which is light and 
puf^y an organic substance containing nitrogen, ca- 
pable of communicating its state of change to such 
organic bodies as starch, sugar, lactin, glucose, &c. 

Preparation and properties of ferment shewn by ex- 
periment, — a. Mix some flour with lukewarm water 
to a thick paste, cover it with a board, and let it 
remain in a warm place; it soon changes. In three 
or four days' time, it has become a ferment, posses- 
ses a sour smell, and throws off bubbles of gas. It 
has now the property of changing sugar into lactic 
acid, as may be proved by the addition of a piece 
of the dough to some sweetened water, b. If the 
dough is allowed to stand three or four days longer 
than in the previous experiment, it acquires a very 
agreeable smell, and now possesses the property of 
changing a solution of sugar into alcohol and caCr- 
bonic acid. From a lactic acid ferment, it has be- 
come changed into a vinous ferment. It is the 
albumin and glutin of the flour which forms the 
ferment, c. Yeast is a most powerful alcoholic fer- 
ment. Add 1 part of fresh yeast to a solution of 5 
parts of sugar in 15 parts of water : at a tempera- 
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tare of 75% alcoholic fermentation is very soon set 
up. If the process be conducted in a pickle-bottle 
closed at top, and provided with a bent tube, (in 
such an arrangement as at fig. 34, p. 303,) the car- 
bonic acid may be collected and examined, d. The 
addition of a spoonful of yeast to honey, dissolved 
in 3 or 4 parts of lukewarm water, q>eedily indnees 
the formation of carbonic add, and much spirit, e. 
Grape-juice speedily ferments when left to itself 
from the presence of albumin : the juice of a few 
grapes readily ferments. /. Elderberries, cnmirts, 
apples, pears, &c., when expressed, soon fernent. 
g. Candied raisins, that is, such as contain muoh 
crystallized grape-sugar, often ferment of themselves, 
and are possessed of a strong vinous taste and smelL 
They are easily obtained, and most satisfactory for 
experimenting upon. 

XXXVI. Dextrin. C^^hioqio, Sometimes called 
ffummy starch from its appearance, the mode of its 
fbrmation, and its composition. The name is de- 
rived from dexter, from its action upon polarized 
Kght, twisting the plane of polarization towards the 
right hand. 

Properties by experiment. — a. Formed by beating 
dry potato-starch to 400°. It has a yellowish ookVy 
is soluble in water, and is used in the arts under 
the name of British gum ; e.g,^ it is the sticky matter 
of postage- stamps, h. Boil for four hours 1 quart 
of starch in a mixture of 4 parts of water and 1^ 
part of sulphuric acid, taking the precaution to re- 
place the water as it evaporates. In the course of 
half an hour the starch becomes changed into dez- 
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trin, and by continued boiUng undergoes a further 
change. The dextrin takes up 4 eqs. of the ele- 
ments of water, and forms itself entirely into 
GLUCOSE, C^ff^O*. In the experiment just de- 
scribed, the acid may be removed from solution by 
neutralizing with chalk, filtering to remove the sul- 
phate of lime thus formed, and rapidly evaporating 
to a small bulk. In the course of a few days it 
solidifies to a mass of rather dark-colored, crystalline 
glucose, in weight exceeding the amount of starch 
employed. The student may purify the sugar by 
re-solution in water, filtration through animal-char- 
coal, and crystallization : he may then experiment 
with it, and cause a portion to undergo fermenta- 
tion, as see p. 325, paragraph xxxv, c. 

XXXYII. Diastase. Composition unknown, 
but contains nitrogen. Exists in germinating seeds 
and buds. Formed in malt, which contains i^ of 1 
per cent. A whito, inodorous, tasteless substance, 
possessed of the wonderful property of changing 
2000 parts of starch into dextrin and glucose. 

Properties exhibited by eosperiment, — a. Four a 
couple of ounces of warm water upon a quarter of 
an ounce of pounded malt, and keep it in a warm 
place. In the course of a few hours the filtered 
solution will be found to contain the diastase. 
b. Take half an ounce of this solution and add it 
to some warm starch-paste, made of a quarter of an 
ounce of potato-starch and two ounces of water. 
Kept in a warm place, the starch becomes speedily 
dissolved, and forms a clear, transparent solution of 
DEXTRIN, c. Treat the remaining solution of dias- 
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tase in the same manner with starch, and keep it 
on the hob for several hours, and you will find the 
solution perfectly sweet from the presence of glu- 
cose, d. In the mashing process, which is indis- 
pensable both in brewing and spirit-making, it is 
the diastase which converts the starch into glucose. 
e. The same change may be observed in potatoes 
in the spring. They become first soft and mucila- 
ginous, and then sweet : the diastase converts the 
starch first into dextrin, afterwards into glucose. 
/. Diastase is contained in saliva, which therefore 
acts as a weak ferment. 

XXXVIII. WiNB from the grape. 

Properties by eocperiment, — a. Grape-juice be- 
comes clouded when boiled, from separation of 
coagulated albumin. So also does a dry wine. 
6. The addition of perchloride of iron causes a 
black or blueish-black precipitate, proving the pre- 
sence of tannin. This is more especially the case 
with astringent wines, c. Distil a small quantity 
of red wines, allowing only one-quarter of the liquid 
to pass over. The distillate is colorless, which 
proves that the coloring-matter is not volatile. The 
distillate burns with a pale blue fiame, from the 
presence of much spirit of wine, d. Heat a spoon- 
ful of port-wine, the vapor burns with flame. 

XXXIX. Spirits op wine. The strongest com- 
mercial contains 13 or 14 per cent, of water: its 
specific gravity is 0*835. Proof spirit contains 49j 
per cent, by weight of real alcohol, and has a sp. gr. 
of 0-9 19 at 60«. 

Properties by experiment, a. It burns with a 
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smokeless flame, evolving water and carbonic acid. 
b. It is volatile, and may be easily distilled; but, 
on account of its inflammability, the process re- 
quires great care, c. It is miscible with water in 
all proportions, d. It is more volatile than water, 
hence the wick of the spirit-lamp refuses to burn 
when exposed for some time to the air, for the spirit 
flies off, and the wick remains saturated with water. 
e. The larger the quantity of water it contains, the 
greater is its sp. gr. /. It is a great solvent of 
many matters which are even insoluble in water. 
g. Spirituous extracts of roots, barks, &c., form the 
tinctures of chemists and druggists, h. Spirituous 
solutions of volatile oils form the various perfumes^ 
such as Eau de Cologne, i. Spirituous solutions 
of resins form the various varnishes, j, lAqueurs 
and cordials are solutions of volatile oils sweetened 
with sugar, or of bitter and aromatic substances, in 
spirits of wine. 

XL. Alcohol, or hydrate of thb oxidb of 
ETHYL. C* W O, HO. Sp. gr. 0-7938, at 60». Co- 
lorless, limpid liquid. Very inflammable. Very 
poisonous. 

Preparation, — 'By distilling rectified spirit, of 
0*835 sp. gr., with half its weight of fresh quick- 
lime. Found the quicklime as quickly as possible, 
and put it into a retort; add the spirit, and mix by 
shaking. Close the neck of the retort with a cork, 
and leave the mixture for a few days. Distil by 
the heat of a water-bath, in such a manner that the 
retort only is heated by the boiling water, and not 
by the direct lamp-flame. 
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Properties by experiment, a. It attracts mmstore 
from the air. h. Abstracts moisture from moist 
membranes, and in this way causes death when 
swallowed, c. It is highly inflammable, d. And 
whatever else has been said of common spirit, ap- 
jdies in every respect and with still greater force to 
mbsolute alcohol, 

XLL Ethbb, or oxide of bthtl. Sjrmbol, AeO. 
Formula, C* H^ O. Sp.gr. 0*72. Boils at QG*". Co- 
lorless, transparent, fragrant liquid, very thin and 
mobile. Has never been frozen. Very combos- 
tible. 

Preparation, — ^Distil equal parts of rectified spirit 
of wine and oil of vitriol in such an arrangement 
as is depicted at p. 74, fig. 14. The process should 
be stopped as soon as the contents of the retort ^ 
blacken and froth. On account of its inflamma- 
bility great care must be exercised. 

Properties by experiment, — a. Mixed with oxygen, 
and inflamed, it explodes with fearful violence. The 
mode recommended in some works for preparing ozone, 
by the a^gency of ether, oxygen, and a heated glass 
rod, cannot with safety be recommended to any but 
eaeperienced hands, b. Dropped on the hand, it 
occasions a sharp sensation of cold, by its rapid 
volatilization, c. It is only moderately soluble in 
water, ten parts of which dissolve one of ether. 
d. It is easily soluble in spirits of wine and alco- 
hol. The addition of water separates the greater 
part of the ether, and in this manner samples of 
commercial or sulphuric ether (as it is also called, 
although it contains no sulphuric acid) may be eza- 
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mined, e. Ether is a great solvent of oils and fat. 
/. Ether was first employed to produce insensi- 
bility to pain in severe surgical operations, g. It 
is highly inflammable, and in its combustion pro- 
duces carbonic acid and water. 

XLII. CEnanthio ether, AeO, C" H>' 0», so 
called from oIvoq^ oinos, wine, and avBo^^ antbos, 
flower, because it forms the bouquet of wines. 

Preparation, — Bj the distillation of wines <m a 
large scale. CBnanthic ether is a thin, colorless 
liquid. Sp. gr. 0*862. Boils at 482«, and is but 
sparingly soluble in water. Has a most powerfully 
intoxicating odor. It contains a true acid, the 
cmanthic. 

XLni. Acetic acid, or hydrate of acetic 
ACID. C*EP(y+HO. Sp. gr. 1063. Boils at 
240». 

Preparation. — By distilling finely-pounded anhy- 
drous acetate of soda with three times its weight of 
oil of vitriol. 

Properties by experiment. — a. Below 60° forms 
large, colorless, transparent crystals. 6. Above 60° 
a thin, colorless liquid of very pungent odor. c. It 
blisters the skin, d. Its vapor is inflammable, e. It 
is miscible in all proportions with water. /. It imites 
with the various bases, and forms acetates, g. It is 
a stronger acid than carbonic, which it expels from 
its combinations, h. All its salts are soluble in 
water, i. When heated it evaporates readily, leav- 
ing, if pure, no residue, k. When an acetate is 
heated in a test-tube with a little sulphuric add it 
is decomposed; acetic ether is set free, which is at 
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• once recognised by its peculiarly refreshing odor. 
L When an acetate is heated in a test-tube with 
dUtUe sulphuric acid, acetic acid is set free, which 
will at once be known bj its smell, m. Yin^ar 
owes its properties to acetic acid. A copious preci- 
pitate of white sulphate of baryta, on the addition 
of chloride of barium, shows adtdteration with sul- 
phuric acid. Mere turbidity is of no importance, 
as that would arise from any water containing 
gypsum (p. 318). 

XLIY. Lactic acid, or hydrate o9 lactic 
ACID. C* ff O + HO. Sp. gr. 1-215. An in- 
tensely sour, colorless, syrupy liquid. Attracts 
moisture, and is soluble in water, alcohol, and ether. 
Is contained in sauer-kraut, in meat, in the sour 
liquor of the starch-maker, in long-kept paste,, and 
in sour milk. Its combinations are called lactates. 



CHAPTER V. 

SUGGESTIONS FOR EXPEBIMENTS ON THE CHEMISTEl 

OF THE DINNER-TABLE. 

XLV. Water, glucose, dextrin, and starch, 
see paragraphs xxv, xxviii, xxxvi, and xxx. 

XL VI. Pectin is the jelly of fruits. Formula, 
according to Fremy, C" H« O". 
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Preparation, From the juices of most fruits by 
precipitation with alcohol. Thus from grated pears. 
Boil the juice, and filter first through linen, and 
then through paper; the addition of absolute alco- 
hol (parag. xl,) yields a gelatinous precipitate. 

Properties by experiment, — a. Soluble in water. 

b. Solution does not change the color of test-papers. 

c. Is changed by the smallest quantity of potash or 
soda into pectic acid. d. Dried at 230° it contains 
8*7 per cent, of ash, consisting of the usual salts. 

XLVn. Pectic ACID. C^H«>0»-|-2H0. Exists 
ready formed in turnips and carrots. 

Properties, — a. Insoluble in water, b. A weak 
acid, forming salts with the various basic oxides. 
e. Its alkaline salts are soluble in water. 

XLVin. Cellulose. C^^jjioqio Same com- 

position as starch, to which it is closely allied. 
Syn. LiGNiN. It is employed in the formation of 
cells, but must not be confounded with wood. 

Preparation, — Fine linen or cotton well cleansed 
represents lignin. 

Properties by experiment, — a. It is insoluble in 
water and alcohol, therefore tasteless, b. It is not 
acted upon by boiling water, except when the season 
has been unfavorable to its perfect development : 
hence linen and cotton wear out by washing more 
easily in some years, c. Iodine has no effect upon 
it. d. Is not even affected by very w«ak acids or 
alkalies, e. Oil of vitriol changes lignin into dex- 
trin; add (very slowly so as to avoid heating) oil of 
vitriol to half its weight of lint or shreds of linen. 
Mix in a mortar, and let it stand a few hours. Then, 
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mb it op with 6 or 8 times its weiglit of water, 
warm and filter. Neutralize witii chalk, and filter: 
the solution contains dextrin, as may be proved bj 
the experiments suggested at paragraf^ zzxri. e. 
If the liquid be boiled for three honrs^ previous to 
neutralization, and the water re-placed as it evapo- 
rates^ the dextrin becomes changed into ghusose^ or 
grape-mgar. As soon as the change is complete^ 
neutralize with chalk and filter. Linen rags lliiis 
treated, furnish more than their own weight of 
sugar. 

XLIX. Gum, the best type of which is gmn->aara- 
bic The principle of it, is arabin, C" H" O", it is 
therefore isomeric, with crystallized cane*sngBr. 
Gum-arabic is derived from various species of the 
acacia. The gum from cherry-trees, plums, &c^ is 
called CBRASiN (from prunm cerasuSf the cherry) : 
that from tragacanth and other gums, is called bas- 
soRiN. In composition, they are identical with 
arabin. 

Preparation of arabin, — Clear filtered solution of 
gum-arabic is precipitated by alcohoL 

Properties, — a. Soluble in water, which becomes 
more or less sticky according to the quantity dis- 
solved, h. More soluble in hot than in cold water, 
c. Is insoluble in alcohol, d. Its solution prevents 
the precipitation of fine powders, hence its use in 
inks. e. Its stickiness when moist, and firmness 
when dry, adapt it admirably to cement such light 
articles together as are not exposed to damp. /. 
Sulphuric acid transforms its solution first into dex- 
trin and then into glucose. The student will easily 
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comprehend how such a transformation can take 
place. 

L. Mucilage, is the name given to the gum ob- 
tained from quince-seed, flax-seed, the flowers of 
the lime-tree, &c. Its formula is C"' ff O*®. It is 
soluble in water, and when heated, comports itself 
like arabin. 

LL Oxalic acid, C^ (y, H0+2H0. May be 
considered as a compound of carbonic oxide CO, 
with carbonic acid CO^, joined together bj water. 
Cannot exist except in combination with water, the 
removal of which causes it to separate into CO, and 
CO^. Exists in a free state in the hairs of the cicer 
or chick-pea. United with potash, as hinoxalate oj 
potashf it is met with in rhubarb, in garden-sorrel, 
and in the wood-sorrel, Oxalis acetosella : then it is 
often called salt of lemons, although it does not con- 
tain the acid of lemons. 

Preparation : either from sugar or starch. — From 
sugar — Digest 1 part of dry sugar with 8*25 parts 
of nitric acid, of 1 -38 sp. gr. Evaporate f of the 
solution, and set aside the remainder to crystallize. 
This process yields 50 per cent of fine crystals of 
oxalic acid. From starch — ^Add 6 parts of dilute 
nitric acid of commerce, (that is, acid mixed with 
twice its weight of water) to 1 part of starch, and 
after decomposition of the acid ceases, heat gently. 
As soon as the red vapors cease to escape, set aside 
to crystallize. 

Properties by experiment, — a. Colorless, transpa- 
rent crystals, which are oblique rhombic prisms, b. 
The crystals are heavier than water : sp. gr. V507. 
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e. Soluble in 8 parts of water at 60^; d. in less than 
their own weight of boiling water, e. The watery 
solution has an intensely sour taste, fuid is ^ fearful 
poison. /. All its combinations with the alkalies 
are soluble in water. . g. Its combinations with other 
oxides are insoluble, h. Thus the addition of a salt 
of lime, produces a white precipitate of oxalate of 
Ume, CaO, C^O+2H0, in solutions of oxalic add, 
or of its salts. Lime and chalk are therefore anti- 
dotes, in cases of poisoning with oxalic acid or its 
salts, t. Heat applied to a few crystals of oxalic 
acid in a test-tube, just covered with oil of vitriol, 
causes decomposition on boiling into carbonic acid 
and carbonic oxide. The carbonic oxide bums 
with a blue flame on the application of a light. 
(Caution : apply heat carefully, so as not to break 
the tube. Avoid inhaling any fumes, as both gases 
are most deadly in their effects. Hold the test-tube 
by means of a test-tube holder, as it becomes too hot 
to hold in the hand.) h. Oxalic acid drives out car- 
bonic acid from carbonates ; it is therefore easy to 
prepare its salts. I. Oxalate op ammonia, NH*0, 
C^O'-hHO, is prepared by neutralizing a hot solu- 
tion of oxalic acid with carbonate of ammonia. The 
salt crystallizes in long, colorless rhombic prisms, 
not very soluble in cold, but very easily in hot 
water. Its solution is very valuable in analysis, to 
precipitate lime. 

LII. Malic acid, C^ffO^ 2H0, the acid of 
apples and pears; the chief acid of rhubarb (associ- 
ated with oxalic) and the acid principle of the ber- 
ries of the mountain-ash. 
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Priiparation : easily from rhubarb-stalks, accord- 
ing to Mr. Everitt's process. The stalks are peeled, 
ground to pulp, and the juice expressed. The juice 
is heated to boiling, neutralized with carbonate of 
potash, and mixed with acetate of lime. Thus is 
the oxalic acid of the rhubarb removed and separated 
by filtration. To the clear liquid, solution of sugar 
of lead (acetate of lead) is added, as long as insolu* 
ble malate of lead continues to separate : the roalate 
of lead is then washed on a filter, difiiised through 
water, and decomposed by sulphuretted hydrogen. 
Black sulphide of lead separates, and malic acid is 
found in solution. The liquid is boiled, filtered, 
and evaporated to the consistency of syrup. Left 
in a dry atmosphere, it becomes converted in a few 
days, into a solid white mass of malic acid. 

Properties. — a. Very soluble in water, b. At- 
tracts water from the air, and deliquesces (becbmps 
liquid), c. Solution very sour, d* Becomes mouldy 
and spoils in keeping, e. Its salts are called mtir 
lates, /. Neither they, nor the acid solution arc 
precipitated by lime ; hence easily distinguished 
from oxalic acid and oxalates. 

LIII. Citric acid, C^^ H* O", 3HO+2HO, is 
obtained largely from the juice of limes, lemons, and 
oranges : conjoined with malic acid, it is the acid of 
gooseberries, currants, Sec. Discovered by Scheele 
in 1784. 

Preparation: easily purchased. Neutralize lime- 
juice with chalk, ^lute it with water to a paste, add 
gradually, while stirring, as much oil of vitriol as 
chalk employed, (the acid previously diluted with 
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five times its weight of water, the acid beii^ poured 
into the water, and not the reyerse) and applj heat. 
Salphate of lime separates, and citric aeid remains 
in solution. As soon as the former has bj its own 
weight subsided, poor off the elear liquid, and eva- 
porate carefuUj to crystallization. If the crjstak 
are discolored, re-dissoWe, filter through animal 
charcoal, and re-crystallize. 

Properties a. Regular, colorless, rhombie crys- 
tals, b. Very soluble in water, r. The solution 
has an intensely acid and agreeable taste, d. Bed- 
dens blue litmus, e. The citrates of potash, soda, 
and ammonia are soluble. /. Its oth^ salts are in- 
soluble, g. Except citrate of iron, an important 
medicinal preparation. 

LIV. Tartaric acid, C* H* O^ 2H0. Found 
by Scheele originally in grape-juice. It is also the 
acid of tamarinds and other fruits. Amongst vege- 
tables, it is met with in small quantities in potatoes. 
Is used extensively by calico-printers, and in form- 
ing effervescing draughts. 

Preparation: entirely from the tartar, argol, or 
cream of tartar of commerce. It is an impure bi- 
lartrate of potash. The cream of tartar is dissolved 
in boiling water, and powdered chalk added as long 
as effervescence takes place, or until the liquid, on 
boiling, ceases to redden litmus. Tartrate of lime 
is precipitated, and neutral tartrate of potash re- 
mains in solution. By filtration, the two are sepa- 
rated, and the soluble salt is then thrown down by 
means of chloride of calcium: thus the remaining 
tartaric acid is obtained as tartrate of lime. This 
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is washed on a filter, added to the former portion, 
and treated with sufficient dilute sulphuric acid to 
decompose it. Soluble tartaric acid and insoluble 
sulphate of lime result. The filtered liquor, on 
evaporation, will yield crystals of tartaric acid. 

Properties. — a. Colorless, transparent crystals, of 
the same form as those of oxalic acid, b. They do 
not change in air. c. Heavier than water, sp. gr. 
1*75. d. Readily soluble in both hot and cold 
water, e. The solution has a pleasant acid taste, 
and reddens litmus. /. It is a stronger acid than 
carbonic acid, and is much used together with bi- 
carbonate of soda, to form effervescing draughts, g. 
Its chief salt, bi-tartrate of potash, is with difficulty 
soluble in cold water, requiring as much as 60 times 
its weight. 

All the above-named compounds, with the single eX' 
ception of icater, are cornposed of C, H, and 0, in 
varying proportions : they are always associated in 
nature with other nitrogenized compounds, 

LV. Albumin, see paragraphs 29 and 33. 

Properties, — a. To prove the presence of sulphur 
iu albumin, dissolve a small portion of raw white of 
e^g in a test-tube, with excess of caustic potash. 
Boil and add a crystal, or a drop of a solution of 
acetate of lead. The formation of black sulphide of 
lead will prove it. b. The presence of albumin in 
blood, discovers itself by heating the serum of blood 
in a test-tube or basin, c. Albumin is insoluble in 
pure water, but is ordinarily dissolved by a minute 
quantity of alkali. Boiling has the effect of extract- 
ing it. d. Dilute solutions of caustic potash or soda 
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easily dissolve coagulated albumin, e, &Its of oq>- 
per, lead, and mercury, form inaolaUe compounds 
with albumin, hence the use of white of ^g as an 
antidote in cases of poisoning. /. Alcohol precipi" 
tates albumin, g. The juice of meat deposits much 
albumin when heated. 

LYI. Glutin is the substance upon which the 
value of grain depends. See p. 93, and paragraph 
xxxi. in appendix. 

LVII. Fibrin is found in solution in the blood. 

Preparation, — a. By beating fresh blood with a 
bundle of twigs, the fibrin attaches itself to the lat- 
ter, and is removed by the hand and washed with 
water, h. By washing the coagulum of blood in a 
cloth, until nothing but a mass of grey elastic fibres 
remains, c. By washing a thin slice of beef, until 
all the color and other soluble matter is removed. 

Properties, — a. Although soluble in the blood 
during life, it coagulates spontaneously soon after 
the blood is withdrawn, h. When fresh, it forms 
long white elastic filaments, e. Being insoluble, it 
is quite tasteless, d. Carefully dried, it loses 80 
per cent, of water, and becomes translucent and 
horny, like dried albumin, e. Burnt, it leaves a 
white ash, varying from 0*7 to 2*5 per cent. /. 
The ash consists chiefly of bone-earth, without 
which the formation of such nitrogenized com- 
pounds is impossible. 

LVII I. Casein, the nitrogenized component of 
milk. See pp. 89, 169, pars. 173, 344; and app. 
par. xxix. Does not occur in any other animal fluid. 

Preparation. — From warm fresh milk with dilute 
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sulphuric acid. Wash the coagulura with warm water, 
and then dissolve it in a dilute solution of carbonate 
of soda, and, if the operation has been performed 
in a basin, place it on a warm hob. The butter 
soon separates, and may be skimmed off. The solu- 
tion, which contains the casein, is reprecipitated by 
dilute acid, and the entire process repeated several 
times, to get rid of the butter. The insoluble casein 
is at last washed with a little ether, to remove the 
last particles of fat. 

Properties.^- a. A white curd. h. Not soluble 
in pure water, c. Easily in water containing a 
little alkali. It is soda in the milk which keeps it 
in solution : the action of an acid is to remove the 
soda, and to throw down the casein, d. Burnt, it 
leaves a small amount of ash, say about 0*3 per cent.. 
e. Acetic acid precipitates- casein, from alkaline 
solutions, but not albumin. /. The most striking 
feature is its coagulation by rennet, as is well seen 
in the process of cheese-making, g. It contains 
I per cent, of sulphur: its solution in soda becomes 
black when boiled with acetate of lead, h. Unlike 
albumin and fibrin, casein contains no phosphorus. 
t. But, when not treated with acid, as in the case of 
the cheese we eat at meals, it contains no less than 
6 per cent, of bone-earth. 

LIX. Gelatin, see p. 164, par. 332, is generated 
from membranes, bones, tendons, calves' feet, &c., 
by the action of boiling water. Size and glue are 
familiar instances of impure, isinglass of pure gela- 
tin. It has been found to consist of: 
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Carbon 50-05 

Hydrogen 6*47 

Nitrogen 18-35 

Oxygen 25- 13 

10000 
Preparation. — Isinglass, which forms in life the 
swimming-bladder of the sturgeon, dissolved in 
warm water, affords a pure specimen of gelatin. 

Properties. — a. Easily soluble in water, b. So- 
lution tasteless and inodorous, c. When dry, may 
be kept to all times, d. But putrifies in solution. 

e. One part in 100 parts of warm water, forms a 
stiff jelly on cooling, hence its use in hlanc mange. 

f, A watery solution is precipitated by alcohol, g. 
And completely by tannin, h. Gelatin is used for 
filling, or clarifying beer and wine: it acts me- 
chanically, i. The solidifying of turtle, mock-tur- 
tle, and other soups, is due to gelatin. 

LX. The ash of food. 

Preparation : by the action of heat. A moderate 
amount of heat, i.e. a temperature not much above 
that of boiling water, simply dries food. If the 
heat be continued below burning, the food becomes 
modified, but otherwise not much altered as regards 
weight. But at a higher temperature, it charrs: 
changes of great importance and difficult of 
explanation occur : carbon and ash remain. 
Exposure for some time to a red-heat, in a 
small crucible of platinum or Berlin por- 
celain, expels the carbon in form of car- 
Fi^48. bonic acid, and we then arrive at the ash« 
or incombustible matter of food. 
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Properties, — a. Unalterable in fire, b. Partly 
soluble in water. Boil a portion of ash in a test- 
tube with pure water, and filter. The filtrate (the 
clear solution that passes through the filtering-paper) 
contains salts of the alkalies, salts of potash and 
soda : on the filter there remain salts of the alkaline^ 
earths, salts of lime and magnesia, together with 
oxide of iron. c. The color of the ash is more or 
less grey, but sometimes reddish, from the presence 
of oxide of iron, d. The amount of ash varies, ac- 
cording to the quality of the food, as the balance 
will readily indicate to the young student. The 
quantity is in exact proportion to the nutritive 
value of food, being greatest in such as contain 
most fiesh-and-blood-forming principles, e. All 
such food as contains sulphur and phosphorus, as for 
instance, albumin, loses a portion when burnt : a 
small part of these elements will be found in the ash^ 
in form of sulphates and phosphates. 

LXI. Sulphur, S.; eq. 16. Known from great 
antiquity. Its use in medicine, mentioned by Pliny. 
Found native in Sicily, in beds of blue clay. A pale 
yellow brittle solid. Sp. gr. varies from 1"97 to 
2.08. It is volatile; one hundred cubic inches of 
its vapor weigh 206 grains. 

Properties* — ^Partly purified in Sicily by fusion, 
and brought into commerce in form of blocks. Cast 
into cylindrical moulds, it forms the common roll- 
sulphur of the oilmen. Flowers of sulphur are 
made by subliming sulphur and condensing the 
vapor. 

Properties by experiment — a. Heavier than water^ 
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in which it sinks, b. Insoluble in water, e. Fa- 
•ible. Heated carefutl; in a teet-tnbe, snlphnr 
melts at 232*, and forms a Tery thin-flaid, bright 
amber-colored liquid, which od cooling solidifies 
into ordinary sulphar. But, if the heat be con- 
tinued, between 430* and 480*, the liquid darkens 
in color, and thickens so that the tube may tor a 
moment be inverted without loss.. If then ponred 
into water, it continues far some hours soft and 
flexiUe like gutta-percha, and may be moulded into 
any shape. Because of this property of assuming 
two distinct states, or of pauiog into another state, 
snlpbur is said to be ALLoraoric (from oXXorporoc, 
allotropoa, another form or shape). Thus, diammid, 
graphite, and charcoal are only allotropic modifica- 
tions of carbon, d. From the temperature of 480° 
to 792", its boiling point, suilphnr again becomes 
thin and liquid, e. At 792° the rising vRpor con- 
denses againEt the sides of the test-tube. /. Melted 
in a crucible, and allowed to crystallize, it forma 
lengthened prisms. Fig. 49 shows 

i the result. After partial cooling of 
melted sulphur the crust is bro- 

f ken with the poker.and the yet fluid 
portion poured out. g. Sulphtir is 
Tig. a. easily soluble in bisulphide of car- 
bon. Such a solution exposed to Uie air evaporateB, 
and leaves the sulphur crystallized in form of octa- 
hedrons, with rhombic base (fig. SO). This is the 
form in which native sulphur occnrs. On accoiiDt 
of this properly of forming two distinct kinds of 
crystallisation, having no relation to one another. 
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fiulphur is said to be dimobphous (from ^Cy dis^ 
twofold, and fioptftrif morphe, form). Carbon has 
been mentioned as forming instances of alio* 
tropism; it also affords an instance of di- 
morphism, h. Sulphur is also slightly solu- 
ble in alcohol, t. More soluble in ether. 
k. Still more soluble in boiling turpentine. 
Fig. 60. I, It bums in air at 300°, and forms a 
gas of suffocating odor, sulphubods acid, SO^ 
m. It burns in oxygen with beautiful pale blue 
flame, forming the same gas. n. From its ready 
inflammability it was called brimstone, from the 
German word, Brennstein, a burning stone, n. The 
presence of sulphur in albumin, yolk of egg, casein^ 
flbrin, or such like substances, is proved by boiling 
a small portion in a test-tube with a solution of 
oxide of lead in caustic-potash. Such a solution is 
easily prepared by precipitating the oxide of lead 
from a solution of acetate of lead, by means of 
potash, washing the precipitate, and re-dissolving 
it in excess of caustic potash. The student may 
practise a number of such experiments with various 
kinds of food: the presence of sulphur will be al-^ 
ways indicated by blackening of the lead-solution. 

LXII. Phosphobds. p. Eq. 32. Never found 
native. Contained in food. Discovered in 1669; 
A wax-like solid. Sp. gr. 1*77. 

Preparation, — Cannot be undertaken except by 
an experienced student. It is prepared by the 
action of charcoal upon phosphoric acid at a i*ed 
heat. Carbonic acid and oxide escape, and phos^ 
phorus, being volatile, sublimes and collects under 
water. 
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Properties, — a. Soft as wax, phosphorus may be 
cut with a knife ; but, as friction inflames it, the 
cutting must be done under water, b. It is in- 
soluble in water, c. Dry phosphorus is luminous. 
d. It inflames spontaneously at 60°. The warmth 
of the hand soon kindles dry phosphorus, e. In 
burning, white, choking vapors of phosphoric acid, 
PO*, are produced. /. Burnt in a dry bell-jar, solid 
white phosphoric acid is produced, g. It bums 
with surprising brilliancy in oxygen, and affords 
the same acid, h. Carefully heated, with exclu- 
sion of air, it melts at 105^ «. It boils at o5QP. 
k. Phosphorus is allotropic. The red substance 
that forms around burning phosphorus is allotropic. 
It was discovered by Schrotter^ and is made by ex- 
posing phosphorus, with exclusion of air, for 50 
hours to the temperature at which it boils. The 
student should buy an ounce of this wonderful 
substance: he will find it insoluble in oil, naphtha, 
ether, and bisulphide of carbon. It inflames at 
600°, and may be safely kept in paper in the waist- 
coat-pocket. It burns and forms phosphoric acid. 
I, Phosphorus is very soluble in bisulphide of car- 
bon; a few drops of such a solution poured upon 
paper bursts into flame as soon as the solvent has 
evaporated, m. It is also soluble in oil, naphtha, 
and ether, n. Its easy inflammability causes it to 
be much employed in lucifer-matches. 

LXIIL Chlouioe of sodium. Na CI. Com- 
mon salt. Crystallizes in cubes, see p. 165, par* 
836. 

Preparation, — By burning the metal sodium in 
chlorine gas. A piece of the metal of the size of a 
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pea is placed in a deflagrating spoon, and heated in 
the blowpipe-flame to redness. Suddenly immersed 
into a jar containing half a pint of chlorine-gas, it 
burns with a bright yellow flame to chloride of 
sodium. May also be formed by neutralizing hy- 
drochloric acid with carbonate of soda. The fol- 
lowing diagram represents the change: 

Hydrochloric > Hydrogen • — -^prWater. 

acid. J Chlorine^ 




o« j„ I Sodium ^,<£::1 II^:::=KIIhloride of sodium. 

Soda ... ^ Oxygen/- 

Carbonic acid escapes. 

Properties. — a. Soluble in water, one part in 2t 
parts, b. Not more soluble in hot water, c. So- 
lution has a pleasant, salt taste, d. The crystals 
contain only mechanical water, e. Crystals decre* 
pitate in the fire : the noise (crepitus) is produced 
by the expansive power of the steam rending 
asunder the crystals. /. Salt melts at a red heat. 
g. Is contained in the ash of plants, as a solutioii 
of nitrate of silver will prove. A white curd of 
chloride of silver is occasioned in any liquid con- 
taining soluble chlorides, chlorine, or hydrochloric 
acid. 

Common salt is a singular instance of the extra- 
ordinary contraction which its two elements, chlo- 
rine and sodium, undergo in forming salt. Thus, 
24 parts by measure contain as much as 25*8 parts 
of sodium and 30 parts of chlorine, a degree of 
compression which no mechanical power could pro- 
duce. 
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LXIV. Carbonate of soda, NaO, CO*, in the 
ash, by burning, has lost its water of crystalliza- 
tion, see p. 216, par. 438. Common names for car- 
bonate of soda : barilla, kelp, soda-ash, and mineral- 
alkali. 

Preparation, — By burning sea-weed, washing the 
ash with hot water, and crystallizing the filtered 
solution. But chiefly from common salt, as de- 
scribed at p. 214. 

Properties by experiment. — a. The crystals of the 
common salt of soda are in form of rhombic octahe- 
drons, b. Contain 10 eqs. of water of crystallization, 
which they lose on heating to redness, c. Melt in 
their own water of crystallization, d. Become dry 
again, and then fuse in a higher temperature, losing 
in all 63 per cent, e. The crystals effloresce in air, 
lose their transparency, and one-half of their water. 
/, Dissolve in 2 parts of cold, and 1 part of hot 
water, g. Solution blues red litmus, and has an 
alkaline taste, h. Acids expel carbonic acid, with 
effervescence, forming other salts of soda, t . Soda, 
and its salts communicate yellow color to flame. 

In food, the acid combined with soda is some 
organic acid, which on burning becomes changed 
into carbonic acid. Thus, for instance, tartrates, 
by burnino:, become carbonates. 

LXV. Caebonate of potash, KO, CO*. Syn. 
Salt of tartar, pearl-ash. 

Preparation: impure, by burning land-plants» 
-washing the ash, and evaporating the filtered solu- 
tion to dryness. Pure, by heating bi-tartrate of 
potash to redness. The carbonate is removed from 
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the charcoal, resulting from the combustion of the 
tartaric-acid, by solution in water and filtration. 
Evaporated to dryness, and kept in a stoppered 
bottle. 

Properties. — o. A white granular salt, very diffi- 
cult of crystallization, b. Very greedy of water, 
which it attracts from the air, and deliquesces, c. 
Soluble in less than its own weight of water, d. 
Solution, a strongly alkaline taste, e. Blues red 
litmus, and turns the color of the violet and the 
blue convolvulus to a bright green. /. Is decom- 
posed with effervescence by acids, new salts result- 
ing, g. Salt fuses at a red-heat. h. Communicates 
viole^color to fiame. i. Is insoluble in alcohol. 

LXVI. Chloride of potassium, KCl. Also a 
constituent of the ash of plants and of food. A so- 
lution of common woodash, neutralized by nitric 
acid, may be proved to contain chlorides by nitrate 
of silver. This test precipitates chlorides from their 
solutions in form of chloride of silver. 

Preparation. — By neutralizing hydrochloric acid 
with carbonate of soda. For explanation see par. 
Ixiii. p. 347. By burning potassium in chlorine it 
inflames spontaneously and burns brilliantly. It is 
the residue after the decomposition of chlorate of 
potash by heat. 

Properties. — a. Crystallizes in cubes like common 
salt. 6. Requires 3 parts of water at 60* for solu- 
tion, e. Solution has a salt bitter taste, d. Has no 
effect upon test-papers, e. Is unaffected by heat, 
/. Insoluble in alcohol. 
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LXVII. Sulphate of potash, KO, SO*. In 
wood-ash and other ashes. 

Preparation, — By neutralizing dilute sulphuric 
acid with carbonate of potash, or the bi-sulphate of 
potash which remains in the process of making 
oil of vitriol. 

Properties. — a. Colorless, right rhombic crystals. 
6. Decrepitate by heat from water mechanically 
present, c. Crystals fuse at a redheat. d. Require 
16 times their weight of water at 60°, and five of 
boiling water, e. Solution of chloride of barium 
causes a white precipitate of sulphate of baryta, in- 
soluble in water and acids. /. The solution is neu- 
tral to test-papers. 

LXVIII. Carbonate of lime, CaO, CO^, is 
contained in the a^h of plants. It is of wide dis- 
tribution throughout nature. When sufficiently 
compact and capable of receiving a polish, it is 
termed marble : the white pulverulent formation of 
the upper secondary periods, is chalk. Those solid 
stone-like formations, which are neither marble nor 
chalk, are called limestones. Calcareous spar, oolite 
and travertine are forms of carbonate of lime. There 
are no less than 680 modifications of crystallized 
stone-like carbonate of lime described. Aragonite is 
a dimorphous form of calcareous spar. 

Preparation ; by pounding white marble. By 
precipitating chloride of calcium with white marble. 
The prepared chalk of druggists is well fitted for 
experiments. 

Properties, — a. Pure carbonate of lime forms a 
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white powder, b. Insoluble in water, c. Heated 
to redness, carbonate of lime parts with its carbonic 
acid, d. Acids expel its carbonic acid; and thus 
may various salts of lime be produced, e. Carbonic 
acid dissolves carbonate of lime. Pass carbonic 
acid into lime-water ; first, a white precipitate is 
formed, which afterwards re-dissolves as bi-carbo» 
nate of lime. Thus waters usually contain bi-car- 
bonate of lime. The application of heat causes the 
re-deposit of carbonate of lime, by the escape of its 
solvent, free carbonic acid. Some waters laden with 
bi-carbonate of lime, deposit their carbonate as they 
drip in caves and cavities in rocks. Thus are sta^ 
la^tites produced. The young chemist will find by 
examination of such, that they effervesce with nitric 
and hydrochloric acids ; and that the resulting salts, 
nitrate of lime and chloride of calcium, are soluble 
in water. 

XL IX. Sulphate of lime, CaO, SO , in the ash 
of plants. Crystallizes in right oblique prisms 
with 2 eqs. of water : its formula is then CaO, 
S0'-h2H0. Contained in all spring and river 
waters. Called anhydrite when found free from 
water. All the varieties of gypsum contain water 6f 
crystallization. The pure crystallized specimens 
are called selenitey and the white compact variety 
employed in statuary, is called alabaster. 

Preparation, — By mixing a solution of any salt of 
lime with a soluble sulphate, and by washing the 
precipitated sulphate of lime. However, specimens 
of plaster of Paris are easily obtained. 

Properties, — a. A white powder: b, with difficulty 
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soluble in water, about 1 grain in 1 ounce, c. Is 
contained in all hard waters, and is the chief cause 
of such hardness ; see p. 23, par. 129, and appendix; 
p. 319, par. xxv. d. Gypsum heated to below 300^, 
loses 1 eq. of its water of crystallization. Thus dried; 
constitutes plaster of Paris ; which, when mixed 
with water, rapidly becomes dry and solid by the 
reproduction of gypsum, e. Heated to redness, 
gypsum loses its property of setting with water. /. 
Sulphate of lime is unchangeable at redheat. 

LXX. Bone-phosphate of lime, 8CaO -H 3P0*. 

Preparation, — By calcining bones, or, in a state of 
purity, by dissolving bone-earth in hydrochloric 
acid, and precipitation with ammonia. The white 
precipitate well washed, is bone-phosphate, with 
water of crystallization. 

Properties. — a. Insoluble in water, b. Soluble 
in hydrochloric and nitric acids, c. Is the source of 
phosphorus and phosphoric acid. 

LXXI. Phosphoric acid. PO, when anhy- 
drous. 

Preparation, — By burning phosphorus in dry air. 

Properties, — a. A white snow-like compound, b. 
Greedy of water, with which it deliquesces, forming 
ordinary phosphoric acid. c. The liquid reddens 
blue litmus : d. and forms salts with the various 
bases. 

LXXIL Common phosphoric acid, 3 HO, PO*. 
Most important acid. 

Preparation: by dissolving very small pieces of 
phosphorus, one by one, in an evaporating basin, 
(fig. 51,) containing an ounce of hot nitric acid. 
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The experiment requires the gbeatest oabe, aa 
acddents may occur from the violent action : nitric 

acid is decomposed, part of its 
oxygen unites with the phos- 
phorus to phosphoric acid, which 
dissolves, while orange-red va- 
Fig. 61. pors of hyponitric acid are copi- 

ously evolved. Further, by the action of sulphuric 
acid upon bones, its affinity for lime being greater, 
sulphate of lime and phosphoric acid result. A small 
quantity of phosphoric acid is easily and cheaply 
purchased. 

Properties, — a. Forms a thick syrup, b. Very 
greedy of water, c. Intensely, but agreeably acid. 
d, Eeddens blue litmus, e. Expels carbonic add 
from all its combinations, and forms phosphates. /. 
Does not disorganize the skin. g. Heated for se- 
veral days to 415% it loses water, and is then called 
pyrophosphoric acid, 2H0, PO* . Still further heated, 
it loses another eq. of water and becomes changed 
into metaphoiphoric acid, HO, PO^. The common 
gla^ndl phosphoric add, which is so-called from its 
resemblance to ice, is metaphosphoric acid. 

Phosphate of soda is to be found in the blood: 
phosphate of lime and magnesia in bone-earth, as 
well as in the ash of grain. Phosphoric acid and 
phosphates form most indispensable ingredients of 
animals and vegetables : phosphates are to be met 
with in all fertile soils. 

LXXm. Peboxide op ibon, Fe^ C, present in 
the ash of food, but more especially in blood-ash. 
Experiments will be suggested in chapter viii. 

2 A 
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CHAPTER VI. 

SUGGBflnONS FOB EXPERIMENTS ON THE CHBMISTBT 
OF GLABS^ CEINA^ AND SABTHENWAJEtE. 

LXXIY. S1LBX9 SILICA, SILICIC Aon>j 8iO^ ; eq^ 
46*6. In the Yarious fonns and appearances of 
quartZy constitutes a very large proportioii of ^ 
solid omst of the globe, and is Ae chief constitiient 
of a T«st number of minerals. When viclet-colsral 
it u called amethyst: ^en red, rose^quartz. 

Preparation of the insoluble modifieation.^^'PimBM. 
rock-crystal. Or poonded rirerHBafid boded wHh 
hydrochloric acid, and weli wariiedv 

Properties, — a. White gritty powder, b. Insolii- 
ble in water and acids, c. Heavi^ tiian water, sp. 
gr. being 2.69. d. lafnsible in liie hottest fnmaoe. 
e. Tliongh the feeblest acid at common tempera- 
tores, it is a powerfnl add at high ones. Thus in 
glass-making it expels cmrbonic add from carbonates. 

Preparation of the soluble modification.^^l. By 
fasing pounded sand with fomr times its wdght of 
dry carbonate of soda, dissolving when cold in dikrte 
hydrochloric acid, filtering and washing. 2. By 
passing fluoride of silicon, Si F^ into water. For 
this purpose, take a Florence flask, and put into it 
about 2 drams of fluor spar, 2 duams of sand, and 
1 oz. of oil of vitriol. Adapt a gas Mivery-tabe^ 
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hy means of a perforated cork, and apply heat. 
(Fig. 52,) 1£ the tube be passed into water, gela- 
tinous silica separates in 
a most beantifal form. 
The gas is decomposed 
into silica and hydrofiuo- 
silidc acid. 

Properties, — a. Solu- 
ble in water and acids. 
b. Separates in form of 
jelly from strong solu- 
tions, c. Unites easily 
with alkalies to form si- 
licates, d. Once evapo- 
Fig. 5S. rated to dryness, returns 

to the insoluble modification, e. Infusible in fire. 
/. Fusible in an alcohol fiame, through which a 
stream of oxygen is passed, g. Easily fusible in 
oxy-hydrogen. 

LXXY. Gabbonates of potash^ soda and limb. 
See App. pars. bdy. Ixv. and Ixviii. 

LXXVI. Lime, or Oxide of calcium, CaO, eq. 
28. Syn. quick-lime, live-lime, and caustic lime. 

Preparation : by heating pure carbonate of lime 
to redness. Thus, CaO, CO^ becomes CaO, and 
CO* is set free. Also by heating a splinter of white 
marble before the blowpipe. On the ku^e scale in 
lime-kilns. 

Properties, — a, A white substance easily pulver- 
ized, h. Heavier than water, sp. gr. being 3*16. 
e. One pint of water at W* dissdves 11 grains; 
one pint of boiling water dissolves only 7 grains. 
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d. Such a solation of lime is called lime-wateb, so 
much used as a delicate test for carbonic acid. It 
is easily prepared by slaking a couple of ounces of 
lime, mixing with water, agitating the mixture re- 
peatedly, and then setting it aside in a large well-stop- 
pered bottle, until the undissolved parts shall have 
subsided. Pour off the clear lime-water when re- 
quired, and fill up with fresh water. MUk of lime 
is made by mixing hydrate of lime with a sufficient 
quantity of water to give it the consistence of cream. 

e. When lime dissolves in water, it first slakes: ue.^ 
combines with 1 eq. of HO, forming itself into HO, 
CaO. /. Lime exposed to air, attracts moisture 
and falls to powder, g. Water poured upon lime is 
absorbed. Subsequently' combining, intense heat is 
evolved, and hydrate of lime, or slaked lime ensues. 
h. Lime blues moistened red litmus, i. It combines 
with silica and forms silicates. Iron slags are chiefly 
silicate of lime. 

LXXVlI. Glass is a mixture of silicates. 

Preparation : on a large scale, as described at p. 
196, par. 389. By fusing carbonate of soda or 
potash with silica on apiece of platinum wire in the 
blow-pipe flame, a bead of glass may be obtained. 

Properties. — a. Fusible, b. Insoluble in water, c. 
When melted, it is perfectly flexible and plastic 
through a wide range of temperature, before it be- 
comes cooled. The student may easily learn to bend 
tubes and such-like, in the blow-pipe flame, d. 
Various colors may easily be given (see p. 199, par. 
401) to glass, by means of minute quantities of me- 
tallic oxides. 
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LXXVm. Alumina, Al'O*, eq. 51-4. 

Preparation : by mixing solution of alum (Al'O*, 
3S(y+K0, S(y+24HO) with ammonia in excess. 
White hydrate of alumina, Al'O*, 3 HO, is precipi- 
tated : this is washed, dried, and heated to redness. 

Properties.— a. A white tasteless mass. b. Inso- 
luble in water and acids, c. Absorbs water easily, 
which is easily given off by heat. d. Will not hold 
water, e. Is easily colored by oxides. /. But the 
hydrate is soluble in acids : from it the salts of alu- 
mina are easily prepared. 

LXXIX. Silicate of alumina, Al^O*, 3SiO», 
is day in state of greatest purity. 

Preparation : from china-clay, boiled with dilute 
hydrochloric acid, washed, dried, and heated to red- 
ness. 

Properties, — a. Infusible in the fire, b. Insolu- 
ble in water, c. Not acted upon by weak adds. 
d. Oil of vitriol in boiling, dissolves alumina, and 
separates silica, e. When once heated to redness, 
no longer strongly retentive of water, as is the case 
with nnbumt days. /. Is easily colored by metallic 
oxides. 
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CHAPTER VII. 

SUGGESTIONS POB EXPEBIHSNTS OH SOAP AJSJ> 

BLEACHING. 

LXXX, PoTASHi SODA, FATS, and OILS used in 
the soap-manufacture, see pp. 210 — ^218, pars. 424 
—427. 

LXXXI. Soap, a true salt. 

Preparation, — ^As described in text. The power 
of caustic-potash and soda to dissolve fat may be 
easily tested. 

Properties. — a. When unadulterated soluble in 
pure water, b. More soluble in hot than cold. c. So- 
luble in spirits of wine, d. The solution decomposed 
bj hard water, e. Dry soap bums in the flame of 
a candle. /. The ash communicates a yellow or 
violet color to flame, according to the presenee of 
soda or potash, g. Solutions of soaps are decom- 
posed by acids, fatty acids being separated, viz., 
stearic, margaric, and oleic. 

LXXXII. Chjx)Rine, CI. eq. 36, from yXwposy 
chloros, yellowish-green. Discovered by Scheele in 
1774, and called by him dephlogisticated vntmoHe 
acid. Proved by Davy, in 1810, to be an element. 
Sp. 2' 5, One hundred cubic inches of the gas 
weigh 76-599 grains. 

Preparation, — From a mixture of 2 parts of hy- 
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dvQohliMric acid and 1 part of manganese in the 
anrang^ment here pictured (fig. 53). In symbolsi 

MnO'and2HCl7ield 
MnCl, 2 HO, and CL 
This is the simplest 
method, the only ne- 
cessary precaution 
being to take care 
that the manganese 
and acid are tho- 
roughly shaken to- 
gether before heat 
is applied. The gas 
must be developed 
with care, but gentle 
heat being applied at 
first. It may be cd- 
Pig 53, lected either by dis- 

plaeement, or in the pneumatic-trough over water. 
Iiiasmuch as chlorine is a very dangerous gas to 
inhaiey every care must be taken to prevent its 
eseape into the air. Chlorine may also be prepared 
from oommon salt, manganese, and sulphuric acid. 

Properties. — a. A yellowish-green gas of most 
irritating odor, dangerous to inhale, b. Soluble in 
water, one volume of which absorbs two of the 
gas. e. Heavier than air by two and a half times. 
d. Supports the combustion of a taper, which bums 
with a feeble reddish light, throwing out volumes 
of soot. e. A strip of paper wetted with turpen- 
tine and plunged into a fresh jar of gas bursts into 
flame, and fills the jar with soot. (In both cases 
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the affinities of CI are displayed, which are great 
for hydrogen, bat nil as regatds carbon.) /• A few 
grains of antimony powder thrown into ajar con- 
taining chlorine, take fire and bum with a white 
light: chloride of antimony results, g. A few leaves 
of Dutch gold crumpled up and thrown into chlo- 
rine, bum with flame and produce green chloride 
of copper, h. A piece of charcoal (fig. 54) wrapped 
up in a cage of thin brass wire, inflamed by means 
of the blowpipe, and suspended in the gas; 
the charcoal is instantly extinguished, but 
the brass wire bums, g, A piece of so- 
dium melted in the deflagrating spoon 
by means of the blowpipe, bums, when 
plunged into chlorine, with a beautiful yd- 
¥1^64. low light, h, A small piece of phosphorus 
bums spontaneously in chlorine, t. Litmus-paper is 
instantly bleached by the gas : the green color of 
leaves and the color of flowers is also removed. 
h An infusion of logwood is bleached, l. Hie 
solution of chlorine in water has similar bleaching 
effects, m. A jar of chlorine gas shaken with a 
small quantity of slaked lime, is almost instantly 
deprived of its gas, which combines with the lime, 
forming chloride of lime. 

LXXXTTT. Chloride of luce is a mixture of 

HYFOCHLOBITE OF LIME, CaO, CIO; CHLOBIDB OF 

CALCIUM, CaCI; slaked lime, HO, CaO; and 
WATER, HO. Discovered by Mackintosh. 

Preparation. — ^By passing torrents of chlorine 
into slaked lime placed in large chambers, as long 
as it continues to be absorbed. 
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Propertie8,'''-a. Af^hite or greyish lumpy powder. 
h. When dry, has but a feeble smell, c. Partially so- 
luble in water, d. The solution has all the bleaching 
properties of chlorine, e. These properties are very 
weaky without the addition of an acid. Thus, a 
very weak solution does not discolor blue indigo 
solution. But if a drop of any acid be added, the 
color is instantiy discharged. /. A strip of doth 
dyed with Turkey-red is bleached, if first steeped 
into a solution of chloride of lime, and subsequently 
into very dilute sulphuric acid (water containing -nr 
of add), g, A port-wine stain is equally easy of 
removal by same process, h. No injury is done to 
the doth, provided it be well washed out. 

Properties cut a disinfectanU — ^Most important. 
Foul smells are decomposed. Thus, when the air 
contains sulphuretted hydrogen, and a little chlorine 
is evolved by means of an add from hypochloride 
of lime, the foul gas is removed : hydrochloric add 
and sulphur result. In cases of fever it is most 
effective to prevent contagion. When evolution of 
small quantities of gas is required, a doth steeped 
into a dilute solution of chloride of lime, and hung 
up in the room, is suffident. For such purpose dis- 
solve 1 part of chloride of lime in 20 parts of water, 
and filter, after having shaken the mixture thoroughly. 
Bepeat the steeping as often as necessary. Or 
place a couple of ounces in a saucer, add i^ffident 
water to make it into a paste, place it in the bed- 
room, and stir occasionally. When the smdi be- 
comes nearly imperceptible, or insuffident to dis- 
guise the air of the room, add a littie vinegar, or 
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any weak add. When a large qnantitj of ga^ is 
required in certain places, pour some hjdrodbjorie 
add upon i lb. of chloride of lime made into a 
paste with water, but take care not to inhale during 
|he operation. Pour out the acid (about 2 ouncies) 
into the basin, and leave the room in8tanil)ry taking 
care to shut the door. The gas will effectually do 
Us work. 

LXXXIV. Hydboohlobic acid. H CI. Eq. 37. 
Jiuriatic acidf spirits of saU, marine ckcid. The gas 
was discovered by Priestley, in 1772. 

Preparation of the acid, — ^Exjual weights of chlo- 
ride of sodium and oil of vitriol, brought together 
in a Florence flask. One ounce of acid poured 
upon an ounce of salt, white fumes of hydrochloric 
add gas escape. Connect the flask with an ordi- 
nary bent tube and pass into water, as in flg. 52, 
p. 355. In this process sulphate of soda and hydro- 
chloric acid result. 

Properties, — a. Best studied in the purchased 
acid. When pure, a colorless, fuming liquid. 
h. Heated, it gives off hydrochloric acid gas. 
e. So, then, hydrochloric add is a solution of the 
gas in water, the latter taking up 418 times its own 
bulk. d. It has then a sp. gr. of 1*195. d, JKed- 
dens litmus, e. Neutralizes the strongest basic 
oxides, such as potash and soda, forming chm>- 
niDSS. /. Expels carbonic acid from all carbo- 
nates, hence its use in preparing carbonic acid from 
marble, g. Heavy white fumes of chloride of am- 
monium are formed whenever a glass-rod, moistened 
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with ammonia, is brought near to hydrochloric add 
in open vessels. 

LXXXY. Aqua rbgia, or nitro-muriatio acid. 
2 HCl+N(y. 

Preparation. — Bj mixing 2 parts of hydrochloric 
with 1 of nitric acid. 

Properties. — a. Dissolves gold and platiniuSy 
which neither of the acids will separately accom- 
plish, as may be proved by experiment, b. Must 
be kept out of direct sunlight, as its most active 
properties are developed by heat. c. Care must be 
taken in opening the bottle containing the mixtorei 
as it is liable to spirt from escape of gases., d. The 
mixture acts upon metals in such a way that chlorides 
are formed ; indeed, it is solely the separation of 
£ree chlorine which causes it to act as a solvent 
upon gold and platinum. The nitric acid is in part 
decomposed; its oxygen oxydizes a portion of the 
hydrogen of the hydracid, water is formed, and 
chlorine and hyponitric acid are difiiised throughout 
the liquid. 

LXXXYI. Anhydrous sulphuric acid. Syn. 
Glacial sulphuric acid. Symb. SO^. Eq« 40. 

Preparation. — Cannot be recommended to the 
inexperienced student. By careful distillation of 
Nordhausen oil of vitriol. 

Properties. — a. Beautiful white silken crystals at 
any temperature below 65^ b. Nearly twice as 
heavy as water, with which it combines with vio- 
lence, hissing like a hot iron. c. Exposed to the 
air, it attracts moisture and liquifies, d. In the 
absence of moisture, has no action upon litmua- 
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paper, e. By combination with water, forms com- 
mon oil of vitriol. 

LXXXYII. NORDHAUSEN OIL OF VITRIOL. Sjm- 

bol, HO, SO'+SO'. Eq. 89. Sp. gr. 1-89. 

Preparation, — ^At Nordhausen, in Saxonj, by 
distilling thoroughly dry green vitriol (sulphate of 
iron) in earthen retorts at an intense red heat. 

Properties. — a. Dark-colored, fuming acid liquor. 
5. Exposed to the sun, anhydrous acid crystallises 
in the neck of the bottle, c. A very powerful acid, 
destroying most vegetable and animal matters, d, A 
complete solvent of indigo, e. Great affinity for 
water, with which it combines with hissing when 
poured into it. (Never pour water into the acid a» an 
experiment ; it is dangerous.) e. First reddens, then 
charrs litmus-paper. /. When heated, it resolves 
itself into common oil of vitriol and anhydrous acid, 
which evaporates. 

LXXXVUI. Oil of vitriol; htdrated sul- 
phuric acid: English vitriol; common oilofvitrioL 
S3rmb. HO, SO'. Eq. 49. A definite compound 
of 40 parts of real anhydrous acid, and 9 parts of 
water. Sp. gr. 1*85. 

Preparation on the large scale. In leaden cham- 
bers by the united action of sulphurous acid, hypo- 
nitric acid, and water upon one another. The sul- 
phurous acid becomes oxydized at the expense of 
the hyponitric acid, which is changed into binoxide 
of nitrogen. Thus, I eq. NO* oxydizes 2 eqs. of 
SO^: as a result, we obtain 1 eq. NO', and 2 eqs. 
of SO'. The presence of water is, however, essen- 
tial in the process. 
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Properties, — a. Colorless, transparent, heavy oil- 
like fluid, nearly twice the weight of water, b. At 
common temperatures the most powerful acid. c. Ex- 
pels nitric, hydrochloric, and phosphoric acids from 
their comhinations. d. Has great affinity for water, 
with which it combines, evolving great heat. (The 
student must be again cautioned against pouring the 
water into the acid : to make dilute sulphuric acid, 
the acid must be poured in a thin stream into the 
requisite quantity of water, and complete mixture 
promoted by constant stirring or agitation.) e. At- 
tracts moisture from air. /. Charrs and destroys 
organic matters, such as sugar, see p. 86, par. 162. 
g* Detected in all states of combination by a solu- 
tion of chloride of barium. The white precipitate 
resulting is insoluble in water and all acids, h. It 
expels carbonic acids from all carbonates, with for- 
mation of SULPHATES. L Separates chlorine from 
chloride of lime. 



CHAPTER VIIL 

SUGGESTIONS FOR EXPERIMENTS ON SOME OF THE 

METALS. 

LXXXIX. Gold, aurum, Au. Eq. 197. Sp. 
gr. 19-26. See pp. 235 to 241. 

Properties, — a. Yellow, lustrous, malleable metal. 
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b. Inaolable in water, e. Insoluble in hydrochloric 
acid, d. Insoluble in Bnlphnric add. e. Insoluble 
in nitric acid. /. Soluble in aqua regia, see p. 26(1, 
par. Izzinr. g. To test gold, rub it upon a smootii 
blaok flinty and apply a drop of aqua fortis. IF tile 
gold is pure, the bright yellow mark remains^ if 
alloyed, it partly dissolves; if imitation, it entii'rify 
dku^pears. h. Precipitate gold from its solutioii 
in aqua r^a, or, to speak more correctly, the ter- 
chloride of gold, by a solution of green sulphate of 
iron. The brown powder is gold : by mixing it^ 
when washed and dried, with oil of lavender, tiie 
color for gilding porcelain and glass is obtained. 
t. Sulphuretted hydrogen precipitates gold from its 
salts in form of brown-black sulphide of gold. 

XC. Silver, argentum. Ag. £q. 108. Sp. gr. 
10-5. See pp. 241 to 247. 

Properties.-~~-a. Beautifully white, lustrous and 
malleable metal, b. Unchangeable in clean air and 
water, c. Tarnishes in foul air and water, owing 
to the formation of sulphide of silver, d. Soluble 
in nitric acid, with evolution of orange-red fumes 
of hyponitric acid gas ; nitrate of silver thus 
obtained, e. Pure silver forms a clear, colorless 
solution with nitric acid ; silver alloyed with cop- 
per, a beautiful blue solution from admixture of 
nitrate of copper with the nitrate of silver. Such 
a solution will always be obtained when a silver 
coin of the realm is placed in a cup with nitric acid, 
and set aside on a warm hob. /. Nitrate of sil- 
ver, Ag O, NO^, as purchased, is easily soluble in 
pure water, but with cloudiness in common water. 
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owing to the presence of cbmmon salt, which throws 
down insoluble chloride of silver, g. Add a few 
drops of solution of potash to a small quantitj of 
sol. of nitrate of silver. A brown precipitate df 
PROtoxms OF SILVER, AgO, ensues, g. Add a few 
drops of hydrochloric add or of common salt to 
another sMall quantity of the nitrate. A white 
dieese-like precipitate of chloride of silvar^ 
Ag 01, results, g. Chloride of silver dried and 
heated in a sinaH cup, melts, and forms hom-sUver. 
h. The chloride exposed to light acquires fifst a 
violet, then a blue hue. t. Sulphuretted hydrogen 
precipitates silver sohitions in form of brown-black 
svlphide of silver, 

XCI. Quicksilver, mercury, Hydrargyrtttti, 
Hg. 202. Sp. gr. 13-56. See pp. 247 to 253. 

Properties. — a. A fluid lustrous metal, h. Boih 
at 680°. c. Forms amadgams with gold and silvet, 
as the student will discover by mixing gold and sil- 
ver leaf with a drop. They dissolve, d. Such an 
amalgam may be used for gilding or silvering a 
copper coin : smeared on to a coin, aiid heated, the 
mercury is dissipated, and the gold remains firmly 
fixed, e. Like all metals, mercury expands by heat, 
and contracts by cold : hence its use in thermome- 
ters. /. If mercury be placed in a basin, with half 
its weight of nitric acid^ and left in the cold, crys- 
tals of PROTONiTRATE soou Separate. In solution, we 
also find protomitrate, which is precipitated as black 
PROTOXIDE, Hg^O, by sohition of potass, and as 
white PROtooHLORiDE or CALOMEL, Hg^Cl, hy hy- 
drocldoric acid. Oalomd, moistened with potai^ 
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bladcens from separation of black protoxide, hence 
the name from KoXdc (kdosX beautifal ; and /ticXac 
(meks), black. The solation of proto-nitrate sUven 
a copper coin when rubbed over it : the silvering is 
of coarse due to quicksilver, g. But if mercuiy be 
heated with nitric acid, solution of pebnitrate of 
MKBCUBT, HgO, NO^ is obtained. Upon this sola- 
tion, hydrochloric acid has no effect; potash pro- 
duces a yellowish-red precipitate of peroxide of 
MBRCURT, HgO. Sulphuretted hydrogen precipi- 
tates black sulphide of mercurt, HgS. : when 
washed, dried, and sublimed, it yields a black-co- 
lored mass, the color of which changes by friction, 
into a bright red. It is then called vermilion, but 
has the same composition as the black sulphide, and 
affords a good instance of isomerism, a property of 
many substances, which, though identical in compo- 
sition, have different properties. The word is de- 
rived from the Greek. 

XCII. Zinc, ZiNcuif, Zn. 32. Sp. gr. 70. See 
pp. 253 to 257. 

Properties, — a. Blueish-white metal, b. Natu- 
rally brittle, but malleable between 250® and 300*. 
c. Melts in the fire at 773o. d. Burns in a good 
fire with a magnificent green light, generating 
oxide of zinc, ZnO. e. The oxide is yellow when 
hot, white when cold. /. It is easily soluble in hy- 
drochloric, nitric, and sulphuric acids, forming 
chloride, nitrate, and sulphate of zinc. g. The 
metal is a source of hydrogen, as see pp. 256, 
257, and p. 305, par. x. k. The solution of 
suLPHAT£ OF ZINC obtained in the making of hydro- 
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^en, is precipitated hj potash in form of a bolkj 
vhite HYDBATKD PBOTOxiDK, HO, ZnO. Excess of 
potash re-disBolves it. Ammonia giveBaame resnltB. 
d. Carbonate of soda throws down from all solutions 
of salts of zinc, a white precipitate of o&kbokate of 
■xisc, ZnO, CC mixed with hydrate, HO, ZnO. k. 
Sulphuretted hydrogen precipitates white sulphide 
OF ZINC, ZnS, hence the value of zinc paints, which 
never tamiah in the most impure air. 

XCni. Lead, plumbum, Pb. 104. Sp. gr. 
11-45. See pp. 257 to 263. 

Properties. — a. A soft blueish malleable metal. 
h. Melts easily in the fire at 612*. e. Slowly oxy- 
dizes in moist air. d. Melted in air, it oxydizes 
rapidly, and forms the fkotoxide, FbO- This oude 
melts at a red Leat, and is known in commerce by 
the name of litharge. *c. Heated in a small iron 
ladle with ^ of its weight of chlorate of potash, the 
oxide becomes changed into red oxide or sbd lead, 
Pb'O*. /. The oxide diasokes easily in hot nitric 
acid, forming a clear transparent solution of fkoto- 
KiTBATE, PbO, NC g. Lead also dissolves readily 
when boiled with nitric acid, being oxydized at the 
expense of a portion of the acid, h. Oxide of lead 
dissolves with readiness in acetic 
>^ oo / acid. Acetate or lead, PbO, 

^ ' ^ A+8H0, is soluble in IJ parts of 

cold water. The pleasing experi- 
ment of the Uad-tree, (fig. 55,) is 
best performed in solutions of the 
acetate (sugar of lead). When a 
piece of zinc is suspended in snch a 
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solution, it becomes oxjduied at the ctxpenee o£ Ae 
oxygen of the oxide of lead. Aeetaite of aiiie is 
ohtained in solution, whilst tha lead is dep<is£ted in 
form of beautiful plates upon tiie zinc i, CBLoams 
OF LSAD^ PbCl. requires 135 parts of eold water for 
solution ; hence, whenever a solution of a salt of 
lead is poured into pump-water, or into h^'droehlbric 
acid or eommon salt, a white preeipitafce nesuks. b. 
Sulphuretted hydrogen precipitatea all soluble salts 
of lead, in form of black sulphide, PbS. t It also 
decomposes all insoluble salts of lead, wit&< a similar 
Tesult : all lead paints, therefore, exposed to aa at- 
mosphere containing this gas, become htackenecL m. 
Sulphuric acid or soluble sulphates produce, in all 
solutions of salts, of lead, a heavy white pjredipitate 
of suLPBATJS OF LEAD, PbQ, SO', fi. Solutions of 
potash or soda, precipitate white htxulatx, HO, 
PbO, which is soluble in eonsiderable' excess* of the 
precipitants. o. Carbonates of potash, soda, and 
aAunonia* precipitate lead from all solutions in form 

of CARBONATE OF LEAD, 2(PbCK CO^)+HO,PhO- 

XCIV. Tin, staunum. So. 58- Sp. gp. 7*3. 
See pp. 263 to 266. 

Fropertus.r—d. White, soft, malleable metal*^ b. 
When bent, the metal emits a craskling sound, e. 
Melts easily in the fire at 442*. d. Alloys itself 
with lead^ and {oTmsplumber*s soltkr, which may be 
made by melting together two parts of load with 
one of tin. e^ Reverse the proportion^ aisd you 
obtain fine solder. /. Heated above its mgdyting- 
point» tin oxydizes rapidly, ^d becomes changed 
intio so-called piUty'powder. g, l^he metal dissolves 



SUGGESTIONS FOB i;XP£RIMENTS. 371 

readily in hot hydrochloric acid, forming pboto- 
GHXfOjEiiBE; OF TIN, SnCl,which crystallizes in needles 
QOHtainang 2 Qqs. of water, h. Solution of proto- 
qhloride separates gold and mercury from their salts 
in the metallic form. It is therefore a valuable de- 
Qxydiziog agent, i. Solution of carbonate of potash 
precipitates white hydrated protoxide, HO,SnO, 
ieom solution of protochloride. The carbonic acid 
escapes with effervescence, having no affinity for 
the oxide of tin. ^* Terchloride of gold, added to a 
dilute solution of protochloride of tin, gives rise to 
t)ie most characteristic compound of tin, which, on 
account of its color, is called Purple of Cassim. It 
13 employed in enamel-painting. Z. Sulphuretted 
hydrogen precipitates coffee-brown protosulphide 
OF TIN, SnS. Addition of nitric acid to a solution 
of the protochloride, changes it into perghloride 
OF TIN, SnCP. m. This salt is also formed by gently 
beating tin with aqua regia. As chemical action is 
very violent, the operation is best performed in a 
porcelain basin. Se& par. Ixxii. n. Soda, qf potash, 
added to solutions of the perchloride, prodlace white 
precipitates of the hydrated peroxide, soluble in 
excess of the precipitant, o. Alkaline carbonates 
produce the same result, but the resulting peroxide 
is not soluble in an excess of precipitant, p. Sul- 
phuretted hydrogen produces a yellow precipitate 

of PERSULPHIDE OF TIN, SuS^. 

XCV. Copper, cupRuat, Cu. 33.. Sp. gr. 8 -96. 
See pp. 267 to 271. 

Properties, — a. A malleable, ductile, yellowish - 
xod mistal. b. A conductor of heat and electricity. 
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c. Unchangeable in drjr air. d. Becomes covered 
with a green crust of carbonate of copper in moiet 
air. «. Heated to redness, becomes covered with ■ 
black coating of pbotoxide, CuO. /. Dissolves in 
nitric acid with evolution of binoiide of mtroqeh, 
(NO*): the copper is oxidized (CaO), and enten 
into combination with a portion of andecomposed 
nitric acid (NO") pbotomtbatb op cofpeb, CuO, 
NCy+SHO being formed, g. Does not dissolve 
in dilute sulphuric acid, h. But dissolves easUj 
with hot oil of vitriol. The acid (SO") is parti; 
reduced to sulphurous add (SO') : the oxygen it 
loses combineswith tbe copper (CuO) and BULPH&TB 
p coppEH (CuO, S0»+ 5H0) results. See p. 269. 
This salt is much used in electro-^ing, and die 
apparatus to be recom- 
mended for experiments, 
) the one figured here. 
The solution of sulphate 
) of copper must be satu- 
rated, and if the student 
I remembers that this salt 
is soluble in 4 parts of 
cold water, he will discover that he mnst purchase 
5 oz. for every imperial pint of water. Information 
on this subject of depositing the various metals, can 
be obtained in any of the email works on the elec- 
trotype, t. A knife-blade becomes covered with a 
coating of metallic copper, whenever it is dipped 
into a solution of a salt of copper. This is owing 
to the greater affinity of oxide of iron for acids : a 
salt of iron is formed, and an equivalent of copper 



This salt is much used ii: 
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precipitated, k. Iron or steel may thus be employed 
to remove copper from its solutions. I, Ammonia 
throws down the hydbated oxide (HO, CuO) in 
form of a blueish-white precipitate, which re-dis- 
solves in an excess, to a magnificent azure-blue. m. 
Tellow prussiate of potash detects the merest trace 
of a salt of copper when in solution, by the produc- 
tion of a port-wine-colored precipitate, n. Solu- 
tion of carbonate of soda precipitates basic cabbon- 
ate of copper, in form of a pale blue flocculent 
substance, o. Oxide of copper dissolves in hydro- 
chloric acid (HCl), and forms a splendid green solu- 
tion of CHLORIDE OF COPPER, (CuCl+2H0), which 

colors flame green, p. Potash precipitates the hy- 
drated oxide from all its solutions ; on heating the 
precipitate in a test-tube, it loses its bulkiness and 
original color, and becomes changed into black 
oxide, q. Sulphuretted hydrogen precipitates black 

SULPHIDE OF COPPER, (CuS). 

XCVI. Iron, ferrum, Fe. 28. Sp. gr. 7*8. See 
pp. 271 to 281. 

Properties. — a. White, lustrous, soft, and tough, 
when pure. h. Iron-wire the toughest of all metals, 
and will bear the greatest weights, c. Cannot be 
fused in any ordinary furnace, d. Does not oxy- 
dize in dry air. e. But easily in moist air, when it 
is said to rust. /. Dilute sulphuric acid readily 
dissolves iron with decomposition of water (HO); 
a green solution of protosulphate of iron (FeO, 
S0'+7H0) results, and hydrogen (H) is evolved. 
Such a solution, and such a salt contains the protox- 
ide (FeO). g. Potash, soda, and ammonia throw down 
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iron from its solutions in form of white ttrDnA.ttt) 
PROTOXIDE (HO, FeO), which instantly becomes 
green, and ultimately, by farther o^ydation, red^ 
brown, h. Carbonates precipitate white PkOTO*- 
CARBONATE (FeO, CO*), whrch also tapidly changes 
color through oxydation, and paf ts with its car« 
bonic acid. i. In recently made solutions of pro- 
tosulphate of copper, ferro-cyanide of potas^iutti 
(yellow prussiate of potash) produces a White 
precipitate, which rapidly changes to blue, more 
or less deep, according to exposure to tar. k. 
Iron dissolves in nitric acid ; pERSITRatb o* 
IRON is formed, and red fumes of hyponitric a(cid 
are evolved. This salt, whi'ch is used in dyeing, 
contains, of course, the peroxide or SESQt/ioxdMt 
(Fe^ O*). I In solutions of tlie per-salts, potash, 
soda, and ammonia precipitd;te the iron in fbrm 
of a bulky red-brown hydrate (3 HO+I'e* C). 
m. Soluble carbonates also precipitate the hydrate 
with effervescence, because no per-carbonate eijcists. 
m. Ferro-cyanide of potassium precipitated the per- 
oxide in form of a magtiiflcent blue, known fami- 
liarly as Prussian blue. n. Sulphuretted hydrogen 
reduces a salt of peroxide to the state of ti protoxide, 
its hydrogen is oxydized as Water, and its dulphtrr 
is precipitated, o, A per-salt of iron is dtTttys 
formed when nitric acid is lidded to a S6ltrtictti of ft 
proto-salt. The black color produced in the pirtj^ 
cess, Y^^ults from ft combination of a part ttf the 
i*emftiniug proto-salt with binotide of nitrogeii. Aft 
fiooii as ftU the salt is p^t-oxydia^d, the color chaflgeft 
tt6):h black to ydl6^> t^iBi tam^^ Q^^$^^\Sfcfe.'^d 
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being evolved, 'p. Tannin is a good test of the pre- 
sence of peroxide of iron, for it produces a blue- 
black precipitate (or discoloration if the quantity 
be very small) o£ per-tannate of iron. Common ink 
is such a per-tannate. q, A piece of Bteel may be 
readily distinguished from iron ; for, if a drop of nitric 
acid be let fall upon it, it will occasion a black spot, 
from separation of carbon, but it will have no effect 
upon wrought iron. r. The presence of iron in 
various kinds ot food is readfly proved by dissolv- 
ing the ash (say of meat) in diliTte hydrochloric 
acid. In the filtered soluttion yellow priissiaite will 
readily detect it by the production of a blue color. 

Further experiments on these metals will suggest 
themselves to the fitudent; but if those which iiave 
been described above shoidd give a taste for Che- 
mistry, otlier "books will be eagerly seardied by ihe 
fitudent. 



IMPORTANT ERRATA. 



P. 23, par. 83, for 0*693, raad 0*0696. 

P. 26, par. 87, for hard>eU, read hair-beU, 

P. 76, par. 187, for rawn, read drawn. 

P. 85, par. 160, bottom line, for presses, lesA. prisms, 

P. 107, par. 211, seventh line, for is, raad are, 

P. 109, par. 215, second line firom bottom, for vive, react 

vine. 
P. 122, par. 249, second line, for or, read and* 
P. 157, par. 816, seventh line, for PO, read PO'. 
P. 174, par. 858, six lines from end of par. for falls, read 

fails, 
P. 284, par. 479, for dxntoxide, read deutoxidb. 
P. 240, par. 500, for stoppin, read stopping, 
P. 254, par. 544, for roofing gutters, read for roofing, gutters, 
P. 269, par 607, for CaO, read CuO. 
P. 296, par. II, two lines from bottom, tor spirit-bottle, read 

spirt-bottle, 
P. 821, par. XXVII. e., after wordAeo^, place a comma. 
P. 850, par. LXYIII, third line from bottom, for with 

white marble, read with solution of sesqui-c<»rbonate of 

ammonia, 
P. 351, for par. XLLX, read LXIX. 
P. 352, par. marked XLIX. d, for, losesl eg., read hsesitS' 

2 eqs, of. 
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Acetic etheb, 125 
Acid, acetic, 97, 123—126. 

butyric, 89 

capric, 89 

caproio, 89 

oapryllio, 89 

carbonic, 12 — ^16 

citric, 151 

hydrochloric, 167, 314, 224 

lactic, 97 

— — malic, 153 

—— margaric, 69 

nitric, 11, 36 

oleic, 59 

oxalic, 160 

pectic, 147 

phosphoric, 167 

stearic, 68 

sulphuric, 86, 155 

tartaric, 161 

Air, I 

— empyreal, 8 

— vital, 8 
Agate, 187 
Albumin, 98, 99 
Alcohol, 112, 113 
Alkali, 159 
Alkaline, 159 
Alloys, 229 
Alum in bread, 95 
Alumina, 200 
Aluminimi, 201 
Amalgam, 339, 340, 343, 250 
Amethyst, 187 
Ammonia, 24, 35 

— — • carbonate of, 34, 97 
Amnn, 24 
Annealing, 198 
Anthracite, 66 
Antimony, 263 
Ardent spMts, 119—131 
Ax^^d burner, 61 
Argentum, 341 
Aj^entine, 371 
AiTack,130 



Arrowroot, 144 

Atmosphere, chemistry of, 1 — 34 

ammonia in, 34 

carbonic acid in, 

13—16 

color of, 7 

combustion in, 36-64 

— — — — — ^ composition of, 8 

dew from, 30—33 

— — — — ^ exhaustion of, 15 

limit of, 3 

measurer of, 3 

nitrogen in, 11 

oxygen in, 8 

pressure of, 3 

questions on, 31 — 34 

tastelessness of, 7 

■ temperature of, 7 

vapor in, 19 

• water in, 19—33 

Atoms, 38 

Atomic theory, 88, 89 

Azot^ll 

Bakino, 97 
Barilla, 193 
Barometer, 3 
Base metals, 344 
Beef-tea, 163 
Beer, 117—119 
Bell-metal, 371 
Beet-root, 84 
Bhiaiy, 153 
Bhioxide, 334 
Biscuit-ware, 303 
Blaolyning of tea-spoons, 99 
Blende, 367 
Bleaching, 333—335 
Block-tin, 365 
Blood, 168—160 
Blood-stone, 187 
Blue, 380 
Boiling meat, 164 
Bone-earth, 171 
Bones, 171 
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BoaiIli,161 
Bouillon, 161 
Brandy. 130 
Brass, 270 
Bread, 91 

1 Alnmin in, 95 

, Boue-earth in, 95 

, Brown, 96, 97 

, CarboiMit»of lodftiiflediB) 

97 

, Dextrin in, 96 

, Fermentation in, 94 — 96 

, Nature of, 91—98 

, Sesqui-carbonate of am- 
monia used in, 97 

, White, 96 

Britannia metal, STl 
Brooeeli, 188 
Bronse, S71 
Bronze-powdor, 966 
Broth, 163 
Bude Hght, 61 
Burton ale, 119 

■ ■ '■■ ' Btiyehliiifd in, U8 
Butter, 88, 89 

butyrfn In, 69 

>-ft«flh,89 

mai^Gpeurin in, 89 

natun of; 88, 89 

raneid, 89 

salt, 69 

Buttons, gilt, JS39 
Buxton, 165 

CABBASEfl, 196 

Cairngorm, 187 

Calamine, 256 

Calomel, 251 

Camphine, 63 

Candle, Chemistnr of a, IRT-^ 

, Flame of, 62 

, Figure of flame, 6d 

Caramel, 164 

Carbon, 13 

Carbonates, 15 

Carbonate of ammonia, 84, Ift 

of copper, 269 

of iron, 273 

of lead, 260, 261 

of lime, 198—195 

' — of potash, 190 • 

of soda, 192, «16 

of zinc, 256 

Carbonic acid, 12—16 

Carbonic oxide, 89, 49 

Carbonetted hydrogens, 4y--49 

Carburetted hydrogen, 47-49 

Carrote, 136, 155 

Cartilage, 171 

Cassava, 144, 145 



Casein, 89, 170 

Cauliflower, 138 

Celsius, 6 

Cerin, 57 

Chalybeates, 135 

Champagne, 111 

Champignons, 136 

Charoou, 57 

Chemistay of tiie atmosphere, 1 — 34 
— ' — — df bleaching, 228, 225 

of the breakfast-table, 

71—105 

of a candle, 67 — 63 

of china, 200—203 

of combustion, 84 — ^70 

of dinner, 182—183 

of fennentation,106^li)l 

of glass, 184—208 

of household tn6tal8, 

22^—292 
of soap, 209^325 

Cherries, 139 

Cheese in milk, 89 

«t diimer, 169— IVO 

China, 200 

China-clay, 201 

Chloride of sodidm, 165^16? 

of lime, 225 

Chlorine, 224 

bleaching by, 1^5 

Chocolate, 83 

Cinnabar, 252 

Citrates, 152 

Citric acid, l51 

Clay, 200 

in soap, 218 

Clot, 159 

Clouds, 19 
tints of, 19 

Coal, 44 

Coal-gas, 46—53 

Cocoa, 82 

butter of, 82 

nature of plant, 82 

nourishment in, 88 

theobromin in, 88 

Coffee, 80— «2 

fcaffeinia, 80 

flavor of, 81 

infiision of, 61 

^ aature x)f plant, 80 

preparation of; 81 

woody fibre in, 80 

Color, 230 

Combining proportictas, 88 

Combustion, chemistry of, ^4-*4^ 

attended by h«at attl 

light, 35 

Buperfidal, -08 

Copper, 267—271 
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Copper, acetate of, 270 

alloys of, 270, 271 

carbonate of, 209 

color of, 208 

country of, 267 

equivalent of, 267 

poisonous nature ol^ 260 

-pyrites, 270 

reduction of, 268 

specific gravity ot, 267 

sulphate of, 269, 270 

symbol of, 267 

Copperas, 

blue, 270 

green, 279 

Corundum, 200 

Corrosive sublimate, 252 

Cotyledons, 16 

Grassamentum, 159 

Cream of tartar, 110 

Greasote, 57, 120 

Crovm-glass, 197 

Cultivation of fruits, 139—141 

of vegetables, ISB 

Gurd, 169 

Currants, 140 

Cyder, 116 

Pamsonb, 140 

Davy lamp, 53 

P^oxydize, 63 

Detonating gas, 134 

Dextrin, 95, 117 

Dew, theory of, 20—28 

Diana, 241 

Diastase, IIY 

Diet, 172—175 

Diffusion, law of, 28 

Dinner-table chemistiy, Idd*-!^ 

Destruction, 42 

Dry wines. Ill 

Ductility, 231 

Dutch-gold, 271 

Eabthenware, chemistiy ot, iStJi 
Egg, nature of an, 98—100 

oil of an, 99 

shell of an, 98 

weight of an, 99 

white of an, 99 

yolk of an, 99 

Element, naUure Of an, 9 

Embryo, 16 

Emeiy, 200 

Enamel, 200 

Equivalent, 38 

Ether, 113 

— — (Bnanthifd, 118 

Ethyle, 114 

oxide of, Itt 



Ethyle, oxide of, hydrated, ll4 
Extractive, 78 

Fahbenhsit, 6, 7 

Faradat, 16 

Felspar, 201 

Ferment, 108 

Fermentation of bread, 94 — 95 

, Acetic acid, 123-127 

, Chemistry of, 106-131 

, Lactic acid, 121, 128 

, Vinous, 109—121 

Fibre, muscular, 160 
Fibrin, 158 
Fire, heat of, 56 
Fire-damp, 52 
Fish, 168 
Flame, 02—64 

of a candle, 63 

figure of, 62 

Flint-glass, 197 

Flesh, 161 

Hour, 95 

Fog, 20 

FowNES, 198, 200, &c. Ac 

Manual by, FreflMM 

Fbesenius, 25 
Fuller's earth, 222 
Fusibility, 230 

Galena, 258, 262 

Gas, constituents of, 46—49 

history of, 43 

light of, 49, 60 

Gelatin, 164 

Gin, 120 

Glass, chemistl7 of, 164r-208 

=— crown, 197, 198 

flmt, 197 

history of, 184—186 

lime in, 193, 194 

lead in, 196, 196 

plate, 198 

potash in, 190, Wl 

pots, 197 

soda in, 192 

soluble, 192 

stained, 199 

Glaze, 204 
Glue, 164 
Gliadin, 98 
Globulin, 160 
Glucose, 87 
Gluten or Gltftili,'98 
Gold, 235—241 

abundance of, 236 

coinage of, d4U) 

countries of^ 835—288 

Dutch, 271 

electro, 240 
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OoU, emblem of, 235 

eqnhralent o( Sd5 

leaf;S89 

mosaic, 366 

~— potassio-cysnide of, 340 

questions on, 383, 384 

spedfio grftyity of, 335 

Gooseberries, 140 

GonUrd's lotion, 363 

Grain tin, 265 

Obaham, Professor, 38 

Chvminacen, 91 

Grspejiiice,87, 107, 109 

sugar, 87, 106 

Gravitation, 3 

Gravity, specifio, 10 

Greengages, 187 

GuBinET, 51 

Gjpsum, 78, 318 

Hjekatitb, 378 
BBmatosin, 160 
HaO,20 
Hair-dye, 247 
Hartshorn, 24 
Highland whiskey, 130 
Boar frost, 23 
Hook, 111 
Hollands, 130 
Honey, 86, 87 

' gum in, 87 

nature of, 87 

sugar in, 87 

wax in, 87 

Household metals, 229— -381 
Hydrargyrum, 247 
Hydrocarbons, 47, 48 
Hydrochloric acid, 167, 214, 224 
Hydrogen, 23 

heavy carbonetted, 48 

light carbonetted, 47 

peroxide of, 223 

phosphoretted, 48 

sulphuretted, 26 

Incubation, 100 
Ink, 

indelible, 246 

manufacturo of, 280 

marking, 246 

Iron, 271—281 

abundance of, 272 

— bicarbonate of, 279 
— — carbonate of, 273 
cast, 276 

— — country of, 272 

equivalent of, 271 

famace, 275 

ma^etic, 273 

— native, 273 



Iron, obtaining of, 274 

ores of, 272—274 

peroxide of, 278 

pig, 275 

-plate, 273 

questions on, 290 — 292 

salts of, 279, 280 

— sesqui-oxide of, 273 

specific gravity of, 271 

sulphate of, 279 

symbol of, 373 

tannate of, 280 

tempering of, 278 

-wire, 273 

Isinglass, 164 

Johnstone, Professor, 31, 23 
Johnstone, 82, &o. 

Kelp, 192 
Kidney-beans, 137 
Kohl-rabi, 136 

Lactin, 90, 122 

Lactic acid fermentation, 121 

Lead, 257—263 

abundance of, 257 

acetate of, 263 

carbonate of, 260, 361 

chromate of, 362 

ores of, 258 

oxides of, 260 

pigs of, 259 

poisonous character of salts- 

of, 259 

process of obtaining, 258 

protoxide of, 260 

questions on, 288 

specific gravity of, 257 

sulphate of, 259 

sulphide of, 263 

symbol of, 257 

white, 260 

Leather, 77 

Leaven, 94 

Legumin, 153 

Leguminose, 153 

LentUs, 137 

LiEBio, Professor, 114, 115, 120, 168^ 

Light of flames, 50 

imperfect, 64 

improvement o^ 64 

lime, 194 

carbonate of, 198 

caustic, 194 

chloride of, 224 

hydrate of, 194 

oxalate of, 152 

phosphate of, 171 

— — sulphate of, 78 
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litmus, 16 
Ix>adstone, 272 

Ixwkiiig-giaases, 250 
■Lima, 241 
liUpulin, 118 

Magnetic ibon ore. 272 
Maize, 137 
Malachite, 269 
Malleability, 231 
Malt, 117 
Malvern, 136 
Manganese, 198, 199 
Margarin, 59, 89 
Marking-ink, 246 
Marrow, 171 
Mars, 272 
Marsh gas, 48 
Mash tun, 118 
Matches, 156 
Mercury, 247, 248 
Metallic lustre, 229 
Metals, base, 244 

chemistry of, 229—292 

, noble, 244 

Milk, 87-91 

• ash in, 90 

bone-earth in, 91 

butter in, 88 

butyrin in, 89 

casein in, 89 

cheese in, 89 

• composition of, 91 

cream in, 88 

lactin in, 90 

nutrition in, 91, 87 

skim, 88 

■ soda in, 89 

source of, 87 

•—-sugar of, 90 
Mmer's lamp, 63 
Minium, 196 
Mist, 19 
Molasses, 84 
Mosaic gold, 266 
Moselle wine, 111 
Mushrooms, ]36 
Myricin, 57 

Nickel, 271 

alloys of, 271 

country of, 271 

"se of, 271 

Nitrate of potash, 26 
Nitre, 26 

Nitrogen, 11 

— ; in food, 93, 145, 162 

Noble metals, 244 

<Enahthic ether, 114 







Oil, diying, 211 

— essential, 211 

— fixed, 211 

— uon-diying, 211 

— of eggs, 99 

— volatile, 211 
Oleflant gas, 48 
Olein, 59 
Onyx, 187 
Orchil, 15 
OvOT-druJdng, 174 
Oxides, 233 

of aluminum, 200 
of calcium, 195 
of copper, 269 
of gold, 241 
of iron, 273 
of lead, 260, 262 
of mercuiy, 251 
of potassium, 191 
of quicksilver, 261 
of silver, 246 
of sodium, 198 
of tin, 266 

of zinc, 256 
Oxygen, 8—10 
Oxygen in air, 8 

combustion in, 8 

uecessaiyto gennination.l7 

necessanr to respiration. 8 

Ozone. ir^''^^*^^"»d^«»^W 

Painting China, 203 
Parsnips, 137, 143, 166 
Peaches, 140 
l*ears, 141 
Peas, 137, 143, 164 
Peat, 56 
Pectin, 147 
Pectio acid, 147 
Peroxide, 234 

of hydrogen, 228 
^ of iron, 272 

Perry, 116 ' ^ 

Pewter, 266 

Phosphorus, 156, 157 

Phosphoric acid, 157 

Phosph ate of lime, 171 

rr of magnesia, 171 

Phosphoretted hydrogen. 48 

Pig iron, 275 ** ' 

-- -lead, 259 
Pinchbeck, 271 
Pins, 270 
Plate-glass, 198 
Platinum, 253 
Plumbum, 257 
Porcelain, 200 

Reaumur's, 180 
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Porter, 119 
Potassium, 190 

cyanide of, 240 

femx^anide o^ 280 

Potash, 212 

carbonate of, 190 

bicarbonate of, 110 

Potato. 138, 143. 155 

starch in soap, 218 

Poteen, 120 
Pottery. 200 
Protoxide, 234 
Prussian bine, 280 
Paddling process, 279 
Patty powder, 205 

Quicksilver, 247—293 

amalgams of, 250 

antidote for. 252 

binoxide of, 261 

combinations of, 248 

' countries of, 248 

extraction of. 248, 249 

'• tor mirrors, 250 

name of. 248 

peroxide of, 251 

protoxide of, 251 

questions on, 285,286 

; symbol of, 247 

Basiatiok, nootnmal, 22 
Rain. 20 
Keaumur, 6 
Bed ironstone, 273 
Bed lead. 196 
Reduction, 68 
Rice, 143 
Roasting meat, 162. 

ores, 254 

Rock-crystal, 187 
Ruby, 200 
Rum, 120 

SACCHARUM OTRCINAJttTM, 73 

Sago, 144 
Safety lamp, 52 
Salt, 165—167 

rock, 166 

Sapphire, 200 
Sauer-kraut, 121 
Schiedam, 120 

SCHOENBEIN, 11 

Sea, saltness of, 73 
Seed, germination oC 17 
Silex, silica, silicic acid, 187 — 189 
Silver, 241—247 

blanched, 246 

China, 271 

coin, 245 

cQuntiy of, 241, 24* 



Silver, dead, 245 

electro. 246 

German, 271 

mines, 242 

nitrate of; 246 

by amalgamation, 249 

- obtained firom ores, 2^ 

plate, 245 

protoxide of, 246 

questions on, 284, 285 

■ sulphide of, 245 

symbol of, 241 

tarnishing of, 244 

used in hair-dyes, 248 

used in maricjng ink, 24(t 

Similor, 271 
Skin, 219—222 

effects of soap upon, 223 

Sky, color of, 7 

Small-beer, 119 

Smelting, 268 

Snow, 20 

Snuffing candles, 61 

Soap, chemistiy of, 209— J^B 

clay in, 218 

cleansing of, 218 

consumption of, 223 

-lye, 213 

margarin in, 213 

oleiu in, 212 

potash in soft, 217 

potato-starch in, 218 

questions on, 226 — ^228 

silicated, 218 

soda in hard, 218 

solubility of, 218 

stearin in, 212 

the word. 209 

white, 217 

yellow, 218 

Soda. 89, 193, 213 

bicarbonate of, 110, 217 

carbonate of, 192, 218 — ^21^ 

■* — caustic, 193, 217 

in glass, 192 

in milk. 89 

in soap. 213 

Sovereigns, 240 
Soup, 163 

Sparkling Moselle, 111 
Specific gravity, 9, 10 
Speculum, 271 
Spelter, 255 
Spermaceti, 58 
Spinage, 139 
Spirits of wine, 113 
Stannum, 263 
Starch, 92, 93, 141, 143 
Steam, color of, 19 
Steaming, 169 
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Stearin, 58 
Steel, 278 
Stewing, 168 

Stoneware, chemiBby o^ 203 
Strawberries, 14D 
Stream-tin, 265 
Sublimate, corrosive, 253 
Sublimation, 155 
Sugar, barley, 86 

burnt, 120, 164 

candy, 85 

composition of, 80 

of fruits, 87 

of honey, 87 

loaf, 85 

milk, 90 

muscovado, 84 

nature of plant, 83, 84 

preparation ol^ 84, 85 

purification o^ 85 

raw, 84 

Sulphate of copper, 269 

of iron, 279 

of soda, 214 

of zinc, 256 

Sulphides, 156, 252 
Sulphites, 234 
Sulphurets, 156, 252 
Sulphuric acid, 86 
Swede turnips, 136, 154 
Sweet wines, 111 

Taixow, 58 
Tannin, 77 
Tanno-gelatin, 77 
Taurin, 83 
Tapioca, 144 
Tarnishing, 244 
Tea, 75—80 

adulteration of, 79 

black, 77 

drawing of, 78 

extractive in, 78 

green, 76 

nature of plant, 75 

tannin in, 77 

theiu in, 78 

yearly production of, 77 

Temper, 278 
Temperature, 5 

of fire, 66 

Ternary, 148 
Thea bohea, 75 

viridis, 75 

Them, 78 
Theobromin, 83 
Theory, atomic, 38, 39 
Thermometer, 5—7 
Tin, 263—206 
— oountiy of, 26S 



Tin, equivalokt of, 203 

mine, 264 

obtaining, 264 

peroxide of, 266 

persulphide of, 266 

plate, 266 

putty, 265 

questions on, 289 

specific gravity o^ 

stream, 264 

symbol of, 263 

Toast, 95 
Tomback, 271 
Tonics, 280 
Topaz, 200 
TOBBIGELLI, 4 

Treacle, 84 
Turf, 56 

Turnips, 136, 154 
Tutenag, 271 
Type-metal, 263 

Use of wineS) 114^-416 

Vapob, 19 
Vegetables, 138 

albumin in, 153 

casein in, 153 

cellular tissue in, 148 

fibrin in, 153 

glutin in, 153 

introduction of, into 

England, 138 

nitrogen in, 152 

pectin in, 146 

phosphorus in, 155, 156 

starch in, 141 

sugar in, 147 

sulphur in, 155 

water in, 136, 137 

Venus, 267 
Verdigris, 270 
Verditer, green, 269 
Vermilion, 252 
Vinegar, 57, 124 

adulterations of, 124 

Vitis vinifera, 109 
Vitriol, blue, 270 

green, 279 

oil of, 86, 155, and App. 

Nordhausen, oil o^ App. 

Wash, 120 
Watch-spring, 278 
Watch-faces, 200 
Water, 19, 70, 71, 132—136 

abundance of, 70, 71 

boiling, 6 

carbonic acid in, 15, 185 

— Carrara, 135 
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Wftter, chalybeate, 186 

composition of, 28 

drinking, 134 

extent of, 70 

hard, 78 

hepatic, 185 

hydratic, 194 

iron in, 279 

in vegetables, 186, 187 

magnesia in, 135 

quantity necessazy, 136, 174 

river, 72 

saline, 136 

soda, 185 

soft, 72 

solvent properties o^ 72 

spring, 72 

sulphurous, 186 

Wax, 67 
Welding, 280 
Whiskey, 120 
\^liite vitriol, 266 
Whiteness of com, 95 
Wheaten flour, 98—08 
Wheat, nature of, 91 

starch in, 92 

Whey, 109 
WiU-o'-the-wisp, 48 
Wind, east, 6 



Wind, north, 5 
Whie, 109—112 

adulterations of, lH 

color of; 111 

use of, 114r-116 

Wire<4raidng, 289 
Wood, 66 

^naphtha, 67 

Wort, 120 

Tams, 137, 164 
Yeast, 119 
Yolk, 99 

^no, 264r-267 

abimdanceof, 253 

carbonate of; 256 

commercial name o^ 266 

equivalent of, 253 

extraction of, 254 

galvanized, 255 

melting point of, 256 

ores of, 254 

questicms <m, 287 

rolled, 266 

sulphate of, 256 

symbol of; 253 

use of, 266 
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KEW PUBLICATIONS, NEW EDITIONS, 

AND AMOMCEMENTS, 

OF 

SAMPSON LOW, SON, AND CO., 

ENGLISH AND AMERICAN BOOKSELLERS AND PUBLISHERS, 

47, LUDGATE HILL. 



'pHE 



LITERATURE AND WORKS OF REFERENCE. 
BRITISH CATALOGUE, giving the Date of Publication, 

Size, Price, Number of Pages and Plates, Pablishers' Names, &c., of every Boolt 
published in the United Kbigdom since October, 1837 : with the Supplements, con- 
taining the works published during the course of its compilation, forming a oom> 
plete Catal(^pie of the Literature of Great Britain during the last fifteen years, and 
an indispensable and valuable Woiic of Reference to all Literary Persons, Lil»ra- 
rians, and Booksellers. 8 vo., pp. 500, half morocco. 31«. 6c(. 

Th» b Ute lint attempt at a complete Oatelogiie of Modem Utaratun^ girii^ of 



publication. 

THE SEVENTEENTH YEAR OF THE ANNUAL CATA- 
LOGUE OF BOOKS PUBLISHED IN GREAT BRITAIN, DURING 1864, giving 
the Size, Price, Edition, Publisher's Name, and Month of Publication of every Book 
of the Year. 8vo., sewed. 2s, M. [In a few dayt^ 

THE PUBLISHERS' CIRCULAR AND GENERAL RECORD 

OF BRITISH AND FOREIGN LITERATURE contains a complete Alphabetioalt 
List of all New Books published in Great Britain, and every work of faiteret t pub* 
lished abroad— special attention being given to secure a full and uaeM List of 
American Books. 

Published on the 1st and 15th of every month, and forwarded to any port of tbe* 
world upon a prepayment of 8«. per annum, througjh any Bo<dc8eUer. 

THE AMERICAN BOOK CIRCULAR, pnbUsbed occasionally,. 

comprehends a detailed Catalogue of upwards of 1000 Works in Theology, History*, 
Travels, Biography, Practical Science, Fiction, &c, as imported into this country. 

By aiTBiigementi with the American PuUlahen, works of known or anticipated intenat an pub- 
Imbed bv Low, Son, and Co., timultaneoiuly with their appearance in A.meclaa» ^crfta'w*.'H&.ws«3>>% 
obtained within six week* of order. Lists of ImpoTtattoDa(Qrii«ri«&Lt«IBii'aA^'«'^MBk.^Hi^^ ^ 

Literary InMdtuikma, the Clergy, Merchants and Shipv(n» •^^Qc^'^*"'^^"'^^^^^*^ «n - "^ 
feraif. 
Ataiail sadoRinB taken ibr waeUy cue to «be T3idl«aL 9MIM «&%vaA»^^ 



2 NEW PUBUCATIONS, NEW EDITIONB, AND ANNOUNCEMENTS, 



Literature and Works of Beference — continued. 



A CONCISE SUMMARY OF THE LAW OF ENGLISH COPY- 

BIGirr, AND THE SAME OF FRENCH COPYRIGHT, and the Law of International 
Copyright between England and France, in Literature, the Drama, Music, and the 
fine Arts, Analysed and Explained ; with the Convention, Orders in Council, and 
reoemtActflufntrliameatoik the suliject. By Peteb Bubkb, E«q^ of the Inner 
Temple, Borrtstenat-Law. The whole in English and French, fci^. boards, Sv. 



*«* Matn. haw and San undertake the agencj of all matten oonnected with intemational ooDf* 
i1^ both at home and abcoad. 

SELECT BRITISH ELOQUENCE : embracing, the best Speeches 

entire of the most eminent Orators of Great Britain for me last Two Centuries; 
with Sketches of their Lives, an P^stimate of their-Xjrenius, and Notes, Critical and 
Explanatory. By Chaukcey A. Goodrich, DJ)., Professor of Rhetoric in Yale 
Oollege, New Hav^en, VA. Royal 8to., I8f . Calf extra, 2S«. 

THE POETS AND POETRY OF EUROPE. By Hekry W. 

Lcnromxow, Author of ** Eyangeline," Ac. An entirely new edition, svo., clotb 
2l«. 

COMPLETE ENCYCLOPEDIA OF MUSIC ; Elementary, Tech- 
nical, Historical, Biogrophical, Vocal, and Instrumental. By John W. Moobb. 
Obtaining the Biographies of upwards of 4000 Musicians ; a complete Dictionary 
of over 6000 Musical Terms, with ftill Definitions ; a complete History of the Science 
of Music, from the earliest period to the present time ; a full Description of all 
known Musical Instruments, with the Dates of their Invention, and their Scales ; 
TreatliM on HBxmony and Thoronch Ban. Royal 8va (pp. 1004), doth, 25s ; half- 
bound, 21s. 

*«* A book jotended to oorer the whole of muaical edeaoe. 

ENCYCLOPEDIA OF CHEMISTRY, Practical and Theoretical ; 

embracing its application to the Arts, Metallurgy, Mineialof^, Geology, Medicine, 
and Pharmacy. By Jaubs C. Booth, A.M., M.A.P.S., Melter and Refiner in the 
U.S. Mint ; Professor of Applied Chemistry in the Franklin Institute. Assisted by 
Campbell Mobfit, Author of •* Applied Gheniistry," and •* Chemical Manipula- 
tions.'' 8vo., cloth. 2 is. 

DICTIONARY OF MEDICAL SCIENCE : containing a concise 

Explanation of the various Subjects and Terms of Physiology, Pathology, Hygi^e, 
Therapeutics, Pharmaoology, Obstetrics, Medical Jurispmdenoe, kc^ With the 
French and other Synonymes ; Notices of Climate and of celebrated Mineral 
Waters ; Formulae for various OflBcinal, Empirical, and Dietetic Preparations, &c. 
By Robley Dunolison, M.D., I*rofessor of Institutes of Medicine, &c., in Jefferson's 
Medical Cc^lege, Philadelphia, kc. In one very thick 8vo volume, of over nine 
hundred large double-columned pages, price 16«. 

** It has the rare merit of having no rival In the Engliflh language for accniacy and extent of refers 
moet."— London MedUxd aax«nw. 

THE BEST LATIN DICTIONARY.— Now Ready, the Third 

Edition. A Copious and Critical Latin-English Lexicon, founded on the larger 
German-Latin Lexicon of Dr. William Freund. With Additions and Corrections 
from the Lexicons of Gesner, Facciolati, Scheller, Georges,.&c. By £. A. Akdbews, 
LLJ>., ftc In one volume, loyal dvo, pp. 1663, price 218. 

** In coBclosioB, we are glad to have an oopottunity of ha troduciag «o cBuelleat a woric to the notice 

of onr ohMical and ptaiiotocooal readea. It haa all that true.Ocnnan QramUkhkeit about it wbidi 

il«> highjy appreciated hy Engli&h Khulars. Itardjr, if. ever, has ao vast an amount of philological 

ih6>rmatiaa been c on ip tMc d in a nu^e voVatne of ^\& Aia. Ttue tounrlMge whidi it oonvegrs « the 

early and later Latin w not to be gieSbered tram or^Awn^ \A9ev&\yi«totBa3Jnk . . . With ranord to the 

mamiar in which it ia got wp, ve can sfcak «iw^ te^cwtOci^. 'B^twv^^ \r«& ^oaTWQNHL of 

iDdustrr and cam The type « cleav, nmx, and "joAVAoxiA^n****. —-^^ ^_^^ 

^^^have examined tSTbooTcviiW co^^^'^^^lS^-A^^-^^i'SiSSf^"^ 
the beat Dictionary of the Li»t\u \n.|5an«BXY»i\\»» wp6««»^* -lA\emn ««*<«. 



FlTBLI^Sa) BY SAMTSOir LOW, 809, AKD 00. 



Uteratiire and 'WcnAoi of IReteevaoB^-amtHnued, 



A REPORT OF THE LONDON CHAKITIES, affording a De- 

tidied and OompTBheasive Aocoitnt of the Operations and Rescmroes of 63# Charitable 
Institntione of the Metropolis, with an Analysis and oopions Index. R'ioe 2s. ed, 
sewed, or 3s. 6(2. cloth. 

" Compiled wMi great care and pains, •nH at a very moderate prire, U b on vHnmdj xmetul 
record." — Times. 

" The excellent arrazifjements of thia Beport, the enormoua pains be*tow«d in coUectiQg iafonuatkm, 
and its careful compilation, render it a most valuable reference both for those who wtsh to aid the 
TariouB drstfrring inatittitians dMcriked in it, and for those ia riiitr— wfaa are igaomiit of the ben^tfi 
benevolently provided fsr tium.*'—Olvbe. 

** We heartily con^nttulate the author on the succeasAil manner in which his task has bMa aooom* 
plished : the Report is a^aluable one." — Atlaa. 

Also, recently published, price lOs. Bd., fcap. 8vo., cloth, 

THE CHAKITIES OF LONDON ; their Rise, Progress, and 

TRESBXT PosiTiOK : With some Account of the Educational InstltationB of ^e Me- 
tropolis. By Sampson Low, Jon. Dedicated by special peonissioa to H. B. H> 
Prince Albert. 

PLACES OF PUBLIC WORSHIP IN LONDON. New Edition ; 

with a list of the Clergymen and Muusters, and reference to the Places at which 
they officiate, and the Hours of Service. In Two Parts. Part I.— Churches and 
Episcopal Chapels. Part U.— Chapels nof of the Establisliment. 1*. each Fart, or 
the Two Parts in One, la. 6i. 



WORKS IN PRAOnOAL SCIENCE, &c. 

HOUSEHOLD CHEMISTRY; or, Rudiments of the Science 
applied to Every-day Life. By Dr. Albert J. Bernays, F.G.6. Third Edition^ 
greatly enlarged, with numerous Illustrations. Foolscap Svo., cloth, is. §d, 

" The treatment is clear and simple ; it deals witfi [acts and the proctieal applicBtien ef frindples. 
The idea of talcing the objects familiar to domestic life as vehicles for imparting information respecting 
them has always an interest, especiallj for the young."— Sp6c(a(or. 

" Mr. Bemays has produced a book of obvious utility, occupying interesting ground, and latlsfyfaig 
a popular want. We have an interesting book, full of scientific facts artisUcally and amusingly 
arrai^ed ; and though Mr. Bemays states mat he has written mainly for the young, such a treatise may 
be recommended to all classes." — Daily News. 

" The style of writing Mr. Bemays hasjdla|Med is porticalarly easy of comprehensioii ; his book will 
doubtless become very popular." — Nottingham Review. 

THE PRACTICAL SURVEYOR'S GUIDE : containing the neces- 
sary information to malce any person of common capacity a finished Land Surveyor, 
TKithout the aid of a Teacher. By Andrew Duncan, Land Surveyor and (^vil 
Engineer. Fcp. cloth, sells 4s. ed. 

THE BOOK OF THE FARM. Farm Implements and the Prin- 
ciples of their Construction and Use; an Elementary and Familiar Treatise on 
Mechanics, and on Natural Fhiloeopfay generally, as applied to the ordinary Practices 
of Agriculture. By John J. Thomas. With 200 Illustrations. 12mo., dofh, 6«. 6(2. 

" This work comprehends those branches of Natural Philosophy known as Mechanics, Hydrody* 
namics. Pneumatics and Heat, In their more eamwMa application to the pmdices of modem improved 



ftirmm^ ; and, so fiu- as practicable, technical word* and phrases have oeen avoided, and the whida 
nadered simple and intelligible to otdinary readen." — Pr^aee. 

*• We should like to see this work printed, bound, wad Ynxxi^ \rj \xl «V8C3 ^•«*^***"5i5*^1^5^^;I^ 



fcnn«!r*s book-sbel/in the country. It mvea the Keaoa «bA «X!^\]K<oa<M •jc5&«R^ A ^ffy ^xS^J^<^ 
aarf the AineB of nature gcoerally, with tUustotkfW ao 4w«Ax*t«w^^««^5^^*\?*vt«BS«^ 
^ It gira a direct memaiag and value to ev«ry poVal^wjAi waA>BBk.>wiXi->J«««»- — m«w«-^ 



Stsapf. 



4 NEW FUBLIGATIONSy NEW EDITIONS, AND ANNOUNGEUENTS, 



Workg in Fnotioal Soienoe, d60.^continue€L 
THE SCIENCE OP MECHANISM ; being a Copious Description 

and Annotated Gatalogoe of the varioos DiyiaioDS of Artidea exhibited in the New 
ToBK ExHiBinov, 186S-4; including a large amotmt of original and valaaUe 
InfiKinatlon relating to— 



BawMalvbk. 

[MFood. 
I of Wool. 



MaauikcturH of Cotloa. 

., .. Sflk. 
lladiuierj mni Invcntiaas. 



Pliintiiig. 
StlTcnraie. 
Porcelain und Glass. 
OmsmeDtal Furniture. 



Sculpture aad Brumes. 

With aeyeral lUoatrationa on Wood. Edited by G. R. Goodbich, Esq. ; assisted 
bj eooie of tbe ablest Literary and Scientific Men of the United States. 1 vol. 4to. 

aoth. 

*•* Thk vtAoBM will fenn ous of the most importuit oompcDdiuins of Americm Scienoe and Art 
dwt Ihb ysl appsarsd. 

IShordy. 

WORLD OF SCIENCE, ART, AND INDUSTRY, illustrated 

ft«n Examples in tbe New York Exhibition, 1853-54. Edited by Professor B. 
SiLLUCAV and G. B. Goodrich, aided l^ several Scientific and Literary Men. With 
600 lUostratioas. Imperial 4to., cloth, 25«. Half-morocco, 30*. 

SYSTEM OF MINERALOGY, comprising the most recent Disco- 

Teries; including ftill Descriptions of Species, and their Localities, Chemical 
Analysis, &c. Bj Jambs D. Dana, AJi. New Edition, thoroughly revised. 
Illustrated by numerous engravings. 2 vols. 8vo., doth. 12. U, 

OUTLINE OF THE GEOLOGY OF THE GLOBE ; with Two 

Geological Maps, and Sketches of Gharacteristic Fossils. By Edward Hitchcock, 
DJ)., Author of ** The Beligion of Geology." One vol. 8vo., cloth. Is. 6d. 

ART OF ELOCUTION ; or, Logical and Musical Declamation : 

to which is added a System of Gesture. An entirely new Edition, with an Appendix 
of elegant Extracts in Prose and Verse, forming a valuable Manual for I^rsons 
leammg the Art of Public Speaking, and a Choice Speaker for the use of Schools. 
^y Gxoaox YAimBMHOFF, Esq. 12mo. cloth. [Shortly. 



BIGGIIAPHY. 
THE LIFE OF ARCHIBALD ALEXANDER, D.D. By the 

Eev. Jambs W. ALBXAin>BR, D J). One vol. 8vo., doth, with Fbrtrait, 14*. 

MEMOIRS AND CORRESPONDENCE OF MADAME DE LA 

MOTHE GUYON, HER LIFE AND EXPERIENCE ; together with some Account 
of the Personal History and Religions Opinions of Fenelou. By Thomas F. Upham. 
An entirely new Edition, revised and corrected, by a Clei^;yman of the Church of 
ihi^and. With a Portrait of Madame Guyon, engraved espedally for thia edition 
by R. J. Lane, Esq., A.RA. One vol., demy Svo., cloth, IQt. 6<2. 

THE LIFE OF DR. STEPHEN OLIN, late President of the 

Wesleyan University In thft \Init«d States. With a Portrait, 2 vols., post 8vo. 

Also, uniform, in 2 vols., TH& \^C)iBX&, CKrasoek!^% \S;:k& principal Sermons, 

iSketebes, and Addresaea deVWexeA \jy VSaia \wcw«a wA «sk«^«(v\. ^ss^sft-s, it« the 

depth. orifdnaUty. and cleameaa ot 'wYAdo. XiMs^^^xxaSswA ^ «s«5BnaSKsssv>a!L"^ 

irSted StotM eq^led only ^ tHowi ol \3aft^a^ftT>t.QMi^mss«. -Lh,^^^>^,'«5.^, ^».x. 



PUBLISHED BY SAMPSON LOW, SON, AND 00. 



Biography— 0OTifmM«?. 



ISAAC T. HOPPEB. A True Life. By Maria Child, Author 

of the ** Mother's Book," Sec. FMt Svo., with Portrait, cloth, 9s, 

** Inac Hopper, «s we have said, waa born in 1771, and be did not go to Mb Teward qbCII iMt jear, 
4iaTing panud the wliule of his mature life, aaj sixty yean, in the ■ervioe of fraedom aad taauBan!^. 
Brare, enterprising, disinterested, and, to use tlie riglit word, daAing in all his exploits, we cannot help 
thinking the Life of -Hopper wOl be read wkh as aach inMest as < Cade Toon's GaUa.* *'— tStandard . 

" You cannot rise firom its perusal without feeling a better man." — Montfng Pint. 

" This is a beautiftil piece of genuine biography ; wo have never met with a better.'* — The Friend. 

MEMOIR OF PIERRE TOUSSAINT, born a Slave in St. Do- 
mingo. By the Author of " Three Experiments in Living," Second Editfm, 12mo.| 
cloth, 3s, &d. 

" Pierre Touaaaint wns for more than Bxty years the most respect e d and betci^ ed mbto in the d^ at 
New York."— Li/erory World. 
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BIBLICAL AND OTHER THEOLOGICAL WORKS. 

COMPLETE ANALYSIS OF THE HOLY BIBLE. Con- 

taining the whole of the Old and New Testaments, collected and arranged i^jBiem,- 
atically, in thirty books (based ou the work of the learned Talbot"), together with 
an Introdaction setting forth the character of the work, and the nnmense facility 
this method affords for understanding the Word of God : also three difTerent Tables 
of Contents prefixed, and a general Index subjoined, so elaborated and arranged, in 
alphabetical order, as to dSrect at once to any subject required. By Bev. Nwl»- 
THAHisL Wjesx, DJ). Fifth Edition. Imperial 8vo., cloth, ZOs. Cal^ 3}JU 

HOLY BIBLE— FOR STUDENTS. Containing the Old Testa- 
ment, translated out of the original Hebrew, and with the former translations dili- 
gently compared and revised ; and the Greek New Testament printed fram the 
text, with the various readings of Knapp, together with the commonlj-reoeived 
English translation, designed for the use of students, with Buled Paper, arranged 
to allow of most numerous Notes. 8vo., half-russia, 358.: 4to., half-russia, 42s. 

DOUBLE WITNESS OF THE CHURCH. By the Rev. Wm. 

Ingrahah Kip, D.D., Author of " The Christmas Holidays at Borne.** Feap. 8vo» 
cloth, 6s. 

THE CONFLICT OF AGES ; or, the Geeat Debate on the 

Moral Rsxaxioms of God akd Mak. By Edward Bsbchsb, DJ>. Post Svo. 
cloth. Is. 6^2. 

CHRIST IS ALL AND IN ALL. By tlie Rev. George Pisk, 

LL.B., Prebendary of Lichfield, and Minister of Christ Chapel, St. John's Wood. A 
Series of Meditations, preparatory to the Monthy Communion ; with Origiual 
Hymns, Meditations, and Prayers. 12mo. doth, 4i. 6d. 

THE BIBLE IN ENGLAND. By the Rev. Charles D. Bbll, 

Assistant Curate ef St. Mary's in the Castle, Hartmgs. Bd, 

Recent Works hy tke same JaiXkor, 
THE MINER'S SONS; or, MarUn Lather and Henry Martyn. U. 

FAITH IN EARNEST. Second Series. No. 1. lUustrated in JacoVi Death- 
bed, dd. 

FAITH IN EARNEST. Krst Series, I. AheVft Sajcdfitfafc. 'l.^S!QR)3^^'\:wHa^;^ 
tion. 3. 2«<)ah'fl Buildmg of the Afk. 4, Abt«JBaaai% YsSsb^oel'VISa. -^.^fcssc* 
bam'B OSredng up Isaac 2d. each ; or^ i»g!&\2a.« , Sxi <^Q«ti, '^.i. ^. 
JW^2fC!HB NEVILLE; a Record of MarxiedlAfe, 'ec«i.«s«i«^2vfifia*'^*^ 
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6 HEW FIXBUCATIONS, NEW EDITIONS, AND ANNOUNCEBIENTS, 



Biblioal and other Theologioal Works — continued. 



MOTIVES FOR MISSIONS : a Series of Six Lectures delivered 

to Toong Men. By the Bevs. H. M. Vuxzxbs, £. Garbbtt, B. Bickkboteth, T. 
NoLAJi, 8. Oabkatt. and J. Maookxgob, Esq. With a Pr^ace by the Ber. T. 
NoLAX. In 1 vol. l2mo., doth, St. 



••• AlML «lw Laotara m Mpumli IVMli, adapted for dbtributkn for tiae oioouraaniuBt o( 
CkMaMWoHatHomaaadAbratd. ^ 



THE LIFE OF THE APOSTLE PETER ; considered in a Series 

of FtBctkal DUoonnes. By the Bev. Dr. Lev, Bishop of Delaware. Fcap., 
Gloth,>c 

BERMONS FOR BOYS ; ob, thb Chubch in the School-Room. 

By the Bev. Lbofold J. Bebkats, M.A. Fcap. 8vo., 5f. 

SERMONS FOR ALL SEASONS. With Especial Reference to 

Traetarian Error. By the Bev. Ghaslxs 'B. Tatleb, Bector of Otley« Suffolk. 
FoKpn cloth, 5«. 

SERMONS FOR FAMILY READINGS. By the Rev. Williak 

Sbobt, M JL., Bector of St. George the Martyr, Qaeen's Square, and C!haplain to 
the Doke of Boodench. Svo., cloth, 10«. 6(2. 

THE CHURCH OF ENGLAND QUARTERLY REVIEW; a 

Quarterly Journal of Theology, Art^ Sdence, and literature for the United Church 
of England and Ireland. e<. 

A new series of this long-established Beview c<nnmenced last year, it 
having lately become the property of a body of clergymen and gentlemen who 
Mn determined to spare neither trouble nor expense to render it the able organ of 
Ihe Church. Writers of acknowledged talent and Judgment have been secured, and 
it is hoped that it will very speedily attain that position of usefulness whidh it will 
be their simple but earnest aim to arrive at. 

The articles contained in the present number (January) will sufiBciently explain 
its general scope : — 

CONTENTS. 



1. Archdeacon Deniaon't Doctrine. 
S. Female Education in India. 
8. Plemiah Language and Idtereture. 
4. The Sabbath Question. 



5. Philolo^cal Topography. 

6. Church^tattstics. 

7. Quarterly Journal of Facts and Progress. 

8. Utervture of the Quarter Classified and Reviewed. 



*«* The nrompt and regular delivery of the Review, post paid, on the day of publicatiGQ, may be 
.feciuiBd by Uie prepayment of £8*. per annum throu^ the local bookseller. 
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TRAVEL AND BESEABCH. 
STOWE'S SUNNY MEMORIES of FOREIGN LANDS. 

New Edition of the fcap. edition, with 60 Illustrations, cloth, 2s. 6d. Also ready, 
the Standard Ekiition, cloth extra, with 60 Illustrations, price 6i. Or in morocco 
extra, as a presentation volume. 

*«* These are pubUshed for the Author, and are the only complete and reliaUe editioos of her 
fVOnE. 

LIFE AND LANDSCAP'a^lJ^OUTS.GYPT TO THE NEGRO 

KINGDOMS OF THE "Wlin^ "Saja x \«Vn!t a. ^wktms? Na ^«&w3l AtHca. By 

Batakd Taylor, AutiioT ot •*Ytevi% ^-"^^>LftI^'^S^I..^w'^t^ 
elegant tinted Plates and TSsigrav\Tv^ft ou^oc^^xs^TSts.^^ ^a^^ toS^^ 

wi^a Steel Portrait. 1 vo\. \2sxio., c\o\ix»l», ^a« 



PUBLISHED BY SAMPSON LOW, SON, AND CO. 



Travel and 'ReaeBXoh— continued. 



A HEALTH TRIP TO THE TBOPICS. By N. P. Wn.Li8, 

Esq., Author of " PencUlings by the Way." Post 8vo., cloth, lOt. 6d^ elegantly 
bound, forming a suitable summer present. 

THE ALPS, SWITZERLAND, AND THE NORTH OF ITALY. 

By the Rev. Ghables Williams. With numerous engravings, imperial 8yo« 
cloth gilt. 13». ed. 

PERUVIAN ANTIQUITIES. By Mart and Edward. Eivebo 

and JoHK James Von Tschudi, translated into English Arom the original Spanish, 
By Fbakgis L. Hawkes, D.D., LLD. 8vo., cloth, 10<. ed, 

VENICE, THE CITY OF THE SEA. From the Invasion by 

Napoleon in 1797 to the Capitulation to Radetzky in 1849 ; with aContemporaneoius 
View of the Peninsula. By Edmund Flaoo, late Consul' of the United States at 
the Port of Venice. 2 vols., post 8vo., cloth, 16«. 

HISTORY OF THE REIGN OF FERDINAND AND ISABELLA 

THE CATHOLIC, OF SPAm. By Willl^^m H. Prescott. The Author's New 
Cheap Edition, 1 voL post 8vo. cloth, 6<. By arrangement with the FiMitkar (Mr, 
Benttey). Also uniform. Conquest qf Mexico, b9. ; Conquest of Peru, 6$. 

FRANCE —ITS REGAL STAFF AND ADMINISTRATIVE 

POLITY, as existing in 1790, the period of the subversion of the Monarchy, after 
a duration of nearly one thousand years of unexampled grandeur uui gloiy ; wiUi 
a preliminary View of the successive occupations of its territory by Gauls, Bomans, 
Franks, and Northmen : also Chronol(^cal Tables of the three dynasties firam the 
foundation of the first by Clovis to the close of the last by the murder of Louis 
XVI., and accurate Lists of the National Assembly, and of the Regicide Oonven- 
iiooB, with Biographical Notices of their Members. By William Tookb, FJLS. 
&o. In preparation. 

THE UNITED STATES GRINNELL ARCTIC EXPEDITION 

IN SEARCH OF SIR JOHN FRANKLIN : a Personal Narrative. By Dr. Kakb, 
Surgeon to the Expedition. Splendidly illustrated. Second Edition, 8vo.,cloth, 
price IBs. 

** It would, we think, be difficult to produce • more intereeting story of Arctic adTentore U)«n thfe 
present volume. We have to thank Dr. Kane for the exoelleot wad graphic manner in whidi he haa 
painted, not only this t rrible picture, but also all the incidents of the Expedition. Besidee the 
, -account of the voyage, which is full of startling incidents, Dr Kane enters at length into the physical 
geography of the Arrtic regions. His book, which is profhsely and admirably illustrated, w one of 
the most interesting that we have seen, and deeerres a place by the skle of our most cherished reoocds 
of Arctic adventure.*' — Athenetum. 

UTAH AND THE MORMONS. The History, Goveniment, 

Doctrines, Customs, and Prospects of the Latter Day Saints. From personal 
Observation during a Six Months' Residence at Great Salt Lake City. By Bbk- 
jAMiN G. Ferris, late Secretary of Utah Territory. With numerous Illustrations. 
12mo., cloth. 6s. 6(2. 

The author of this work resided for six months among the Mprmons in the capacitr of Secretary of 
the Territory of Utah. He was brought into immediate contact with the leading spirits of the com- 
«nunitT, and thus enjoyed unusual facilities for investigating the practical working oC t ha,^;0*eB k^ 
"when sufTeivd to work out its natural results. He cives a oodom m.<(A(^ «A. ^Oon "^fw^ ^aaftw-^p aqaa ^^ 
the Mormons, with a tiOl and minute account of thSt docftannea «aA^ VJ**^'***'*^?°5'^*^t!iJKS?>o« 
Oeteloped tbenuelyea from the crude conceptiofna o! tbe toundsx ol VXwnx ^"^'^..^^^'TSS^SuT'S -^ 

mUmdiJf adratwed /h>m bad to wone. The worY, » * toil bbA. Uxe ta^ML ««. 'iw *s!c<a»^ w«»» 

/a (be omunooity of the Mormoot, 



8 NEW FUBUCATTOm, JSHSW EDITIOHS, AND AKVOUNGEMENTS, 



ILLnSTRATED PBESENTATION BOOKS. 



'THE DESERTED VILLAGE. By Oliver Goldsmith. Illus- 

"^ txBted with 35 ezguldtely-execated Kngnvings drawn on Wood, bypermJIfisioB, 
ftom the orlgin«l Etchiogg by C W. Cope, T. Gbreswick, B. Bcdgrave. T. Webst^, 
J. C. Horaley, G. Stonelioose, F. Taylor, and H. J. Townsend. Members of Vod 
Etdiing Club, superintended by Joseph CundidL Crown 8vo. cloth extra, Is. 6d. ; 
morocco, 15«. 

THE VICAR OF WAKEFIELD. By Oliver Goldsmith. 

Bichly Illustrated with fifty Engravings from Drawings by Greorge Thonus. 
Crown 8vo., uniform with the above. Cloth extra, 10s. 6d. ; morocco, 2l8. 

AS ELEGY WRITTEN IN A COUNTRY CHURCHYARD. 

By Thomas Qsat. Illustrated ou every page by Birket Foster, George Thomas, 
and a Lady. Crown 8vo., enamelled or bindUng, in cloth .extra. Is. 6d.; morocco, 
bomid by Hayday, One Guinea. 

THE BOOK OF CELEBRATED POEMS. Containing Forty- 
one of the most popular Poems in the English Langaa«L Unabridged. Illustrated 
hy upwards of Eighty Engravings, from Drawings by C. W. Cope, Kenny Meadows, 
O. Dodgson, and J. Ferguson. Demy 8vo. cloui elegant, price 15s. ; or morocco 
extra, 2U. 

THE AUTHOR'S OWN EDITION OF « UNCLE TOM'S 

CAEfN;" with "Ths Kkt," complete. By Mrs. HiLSRisT Beeches Stows. 
Two vols. 8V0., doth extra, 28s. With upwMds of Sixty Illustrations. 

««• But« Ihnlled impmskm of dih keautiftil «c8ti<m tasvinic baen pubthfaad, md a fcw eobia onlf 
ivnuummff, penons-darirous af poMaaing 'Umlbe o&ly coapMe and itandMil edikioc^ ■htmU onier it 
direct of ue Publishers at once. 

" This is a publication of far higher pretensions, and makes a far wider appeal. Few literary ofier- 
iogi of the season will probably Imve a larger distribution than this. It is a aandaonae edition of the 
•nginal work, profusehr der«mt«d thrmiKliout wtUi lIluttratiQas — faicludng a partxBAt Of Mrs. Stowe. 
Alnoost every scene and character in the book has its pictorial praenUnent ; the derigna being full 
of fancy, and many of them admirably draan by Mr. BilUnga and exoellenAy rendered in esfraving 
by Messrs. Baker, Smith, and Andrew. Type, bindbig, and fpU adoea to the leavea, all oonmbute to 
make this issue of the moat popular book of our time the Uition da luxe." — Athenawm. 

HOMES OF AMERICAN STATESMEN ; with Anecdotal, Per- 
sonal, and Descriptive Sketches by varieas Writers. Dlnstrated in a very superior 
styie of art with Engravings on Wood tnxti drawings by Dobier, and dag^nerreo* 
types and fac-similes of Autograph Letters. Square 8vo. cloth extra, 25«. 

HOMES OF AMERICAN AUTHORS. Uniform witli the Last 

Work : contaising Views of some of the most pictaresque and lovely localities in 
"Uie New World, from drawings or daguerreotypes taken expressly for the purpose. 
Engraved on Steel, with Tinted Vignettes on Wood, and Fac-similae of the MS. of 
a work of each author, and several Portraits. Cloth^ 25f . 

THE WANDERINGS' OF PERSILES AND SIGTSMUNDA. A 

Nwthem Story. By Miguel db CEBVAirrsB. Author of *'Don Qahcote." Trans- 
lated from the Spanish by a Lady. Fcap. 8vo^ in aati<|ae "binding, lAs. fid. 
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JUVENILE WORKS. 



PICTURES FOR CHILDREN. Consisting of Twenty^ne beau- 

tifnlly-executed Engravings on Wood by Morin, serving either as copies or for 
colouring. With letter-press descriptions by Mary Howltt. Small 4to. Fbocj 
boards, 4S. 6d. ; Coloured, 6«. 

THE ICE KING AND SWEET SOUTH WIND. A Tale for 

Children, with lUustrations. Square cloth. Plain, 3f. 6d.i coloured^ Sf. New 
Edition. 

THE GREAT WONDERS OF ART, FROM THE PYRA- 

MIDS TO THE CRYSTAL PALACE. With 34 large niuatraUonfl. 

OUR FIRST WALK. With Sixty Pictures. Square, on linen, 

U. ; on paper, 6(L 

HAPPY DAYS OF CHILDHOOD. By Amy Meadows. Illus- 
trated with twenty-four full-page Pictures by Harrison Weir, and a Frontispiece 
* by Birket Foster. Fcap. 4to., cloth, price 4s. 6d., or with coloured platen^ 9t, 

X.1TTLE Sl'ZlE'S SIX BIRTHDAYS. By her Aunt Susan. 

With four coloured Illustrations, square, cloth, 3s, ed. 

FLOWER OF THE FAMILY : a Book for Girls. By the Author 
of *' Little Suzle's Six Birthdays." With Ulustrations, l2mo., doth, 6«. 

A PEEP INTO UNCLE TOM'S CABIN: arranged 1^ Aunt 

Mary for her Nephews and Nieces, in which the characters of Eva and uncle Tom 
are portrayed for Children. With an Address to the Young Readers of both Coun- 
tries, by Mbs. Stowe. With a Portrait of Eva, and six other Uluatrattoiia. Fcap. 
8vo., 3$. 9d, 

ARTHUR AND HIS MOTHER ; or, the Child op the Chueoh 

OF Enolamd. By the Rev. Chahlbs B. Tatlsb. With Hlustrations by G. Measom. 
Square 16mo., cloth, gilt edges, 3«. 

ABBOTT'S NEW COPYRIGHT SERIES OF JUVENILE TRA- 
VELS. ROLLO'S TOUR IN EUROPE. By Jacob Abbott. Fcap. Svo, dotb, 
each volume, 2$, dd. 

Vol. I. ROLLO ON THB AtLAKTIC. Vol. II. ROXXO IN PABIB. 

THE SWISS FAMILY ROBINSON; ob. Adventures of a 

Fatheb and Mothbb and Foub Sons on a Dbsebt Jblavd. With Explanatoiy 
Notes and Illustrations. First and Second Series— New Edition. Complete in one 
vol. 3t. 6d. 

A LIFE OF CHRISTOPHER COLUMBUS. By Hobaok Rosoob 

St. John, Esq. Fcap. 8vo., 2$. dd, 

"When we My that we know of no thort history of Colmnhui likely to prore M tHsAil n Uili* «• 
newi to convey a high senae uf our estimate of tta merits.** — Athmumm. 
^ We remember no history of Columbus which we had read with so much pieasnrt.**— fl to iwianl. 

THE WHALEMAN'S ADVENTURES : Scenes in the South- 

XBN OcRAN. Edited by the Rev. Dr. Soobxsbt. With Eight Hluatratioos by H. 
Vizetelly. Fcap. 8vo., cloth, 6«. 

" A very readable and interesting volume, full of stlirfaig adventore and haiilMraadth eMapss.**— 
Jithenmum. ^^ a.Nj^ 

**The(1eigymanha8 not forgotten his own ftmctions in recording those oC tfc*^l>BAiB*\ «^>b» 
book will be the more acceptable that he blends religiiaairi^ V"^i^i<'«^*<^'^^"^^''***^~'^*"*'^ 
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SELECT WOBES OF FICTION. 

mOAIXT mBMHSD >OB TOUVQ FKEtOn .AHD FAMUT BSAnZHO. 

♦ 

A KEW TALE OF EXTBAORDINABY MEBTT. 

IDA MAY: A STORY OF THINGS ACTUAL AND 
POSSIBLE. By Mart Lanodon. Edited by an English Clergyuan. 1 vol. fcp. 
8vo. fancy boards, price 1«. 6c{. 



Tb* 9MMM gpKl><iM an ktemai of thbwoik en talh Mem ttw Atlantic, and tiw paUahen 
bare avery naaoo to Wiere 'M auooaai will aqval that of the mast popular of modnn wmkt of 
flctioa ; toef e onat qu aatly have fixed the lowett price upon ft. Dnring its progreaB dmragli the 
pma, amonot other trettmoniee to its intrineio merits, they may quote the following from a letter 
wce i Ted by Vbttm from Ma. Browa t — 

** It b a woric at close obeervation. Chancter studied from Iff^, and tcsB ttmiint nnri the intaot 



of the story intense. It mxist create a sensation, and command a brilliant sale.** 

*" Ida May * will certainly be a succeas."— iMdier. 

**The thoughts, fedmgs, and langunee of * Ida May ' do infinite honour to the Auttur, whose lore 
o# fttedom has found Tent in a tale of Tn leas e interert.' — Britamnia. 

•* « Ida May* is rsBMukabty wdl wriMen, fceah, bold, awi nteiyt in style, with mme of tte brilUaMy 



of the Audaor'sstyls obscured by stwUed phrnasnlogy— it is the eOoit of an a«eomidished butqoite 
unh^cknied brain. * Ida Hay * is an e^iquisite production, oondng as much from Ihe heart a* die 
hend.*'-'£ra. 

%* Joflt ready, the Uth Thousand, and in preparation a new Illaatnted 
Edition, (hnn designs' by Alfbed Cbowquill. 

B7 THB REV. CHARLBS B. TATLER, MJL, 

RECORDS OF A GOOD MAN'S LIFE. Edited by his Neigh- 
boor. Tenth Edition. Foap., doth, 3t. 64X.* 



'* Hm law of truth was m lus moulh, and.initpiity was not found in Us lipa : be wnlked with God 
fai peace and equity, and did turn many away from iniquit|r." — ^Jfdloeftf-xi. 



LEGENDS AND RECORDS, CHIEFLY HISTORICAL. Sixth 

Edition, considerably enlarged and revised. Fcap., cloth, 3«. 6(2.* 

THANKFULNESS ; a Narrative. Comprising Passages from the 

Life of the Rev. Allen Temple. Third Edition. Fcap., cloth, 2s. 9d* 

EARNESTNESS ; a Sequel to " Thankfulness." Second Edition. 

Fcap. 8vo., cloth. Is, 

THE ANGEL'S SONG ; a Christian Retrospect. With Ei<^ht 

Illustrations by Dalziel, from Drawhigs by Haetet. 5». ° 

TRUTH ; ob, Persis Clareton. A Narrative of Church History 

in the Seventeenth Centray. Fcap. Svo., doth, 2». .$d* 

FACTS IN A CLERGYMAN'S LIFE. Fcp. 8vo., cloth, 3s. Qd* 

BY THE REV. CHARLES D. BELL, M JL 

BLANCHE NEVILLE ; a Record of Married Life. " Can two 

walk together except they be agreed?" By the Author of **F9AA in Earnest," 
•• The Mhier's Sons." Fcap. 8vo., cloth, 6». 

BY THE B.T2.Y. EBJ8KINE NEALE, ILA. 

TEE OLD MINOR. CA.^0^ •, cs^, k \i»^ q« ^toxqqle and a 

Life of Sona. By t"he AxlIYiot oi «TVvfeC\«&xv%%»Qftr '^'w^.^^^'^.^A* 

** We kaow of no recent ^wdurtVon mow cnXcotetoA Xft Vm^B"'*' «^ \a«««i* -^^aa^^aas^^ 
Charity t hmn • The Old Uiaor Cwooa. * »»— Bntowwo- 
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Select Works of "FioHoR— continued. 



BY THE LATE EMILY C. JUDSON, 
Widow of Dr. Judson, of the Burmah MiMioo. 

RECORDS OF ALDERBROOK ; a Selection from the Village 

Sketches of Fanny Forrester. Fcap., cloth, with Illastrations by GUbert, 3«. 6'J. 
' Forming the Fifth Volume of Lows' Family Beading Series.* 

A NEW EDITION now ready, One Shilling. 

** Her portraits of human character, although preponderating In tbe good 'and genfl& erlooe study 
of them under every caprice ; her descriptions of srenery are at once graphic and pmrarfiu. We regret 
to find that she has rehnquished her profcasion with her appellation, (or it is improbable that, as the 
vnfe of A missionary at Rurmah, she will be able to devote time sufficient to those literarj pumiits in 
which she seems by nature so eminently calculated to be successful.** — DaUy Neta. 

"The exquisite grace of style of these tales pertains exclusively to tihe fair writer.**— Jlfom^R^ 
Advertivr. 

** This little volume is marked bv a lovely purity of sentiment, a freedom and vivacity of narrationt 
and much pathos of description, wuich will endear it to every reader." — Exettr (Seuett*,^ 

BY A pastor's wife.' 

THE SHADY SIDE ; or, Life in a Country Parsonage. 

A new and CHEAPER EDITION. Sewed, price Is. 

The Publishers, in connexion with Messrs. Constable of Edinburgh, have just published an 
edition of this charming little tale at a price to place it witlun the reach of all classes, and secure for 
it — what it richly dsMMpo — imiiiBll circulation. 

" It is written wtngreet power, and possesses a deep and captivating interest— an interest which 
will enchain the attention of all contemplative readers. We remember nothing m fictitious narmtive 
more pathetic— we might add, so pathetic. We wish such books, and especially this book, to be read 
by all."— iStondard. 

The Edition in the " Family Series," with Portrait, cloth, 3«. 6d., morocco, 1i. ed,, 
will remain in print.* 

BY THE AUTHOR OP " ASHTON COTTAGE." 

THE GOLDEN SUNSET ; or, the Wedding Garment. Fcp. 

8vo., cloth, 2s. 6d. ; morocco. Is. 6cl.* 

BY THE REV, DR. CHEEVER, 

LIFE ALLEGORIES AND OTHER SIMILITUDES ; including 

the '• Hill Difficulty," an Allegory. By the Author of " Wanderings of a Pilgrim/* 
and "Lectures on the Pilgrim's Prepress." Fcp., cloth, 2s. 6d. 

LOWS' FAMILY READING SERIES. 
Bookafor Home Reading^ Diitriet and Parochial Librarien, PratniaHaH, amd Pritu. 1 

It is the aim of the Publishers to place such worlcs in this Series as shall, by their peculiar interest of 
narrative, and delightful spirit of unforced yet pervading piety, oommend tbnnselves to Christian fkmilies 
for social readine, and form suitable books for lending and presoBUg to young penons eqieciaUy — books 
Chat whilst afforaing pleasure to readers of all ages, may rivet the attention without impairing the mind, or 
biassing the judgment from the cause of Scriptural truth. 

In publishing this Series a medium will be obswed between the so-called '* cheapness,**— to whidi either 
the interests of the author, or the quality, appearance, wad comfort in reading of the book are sacrificed,— 
suod the former old-fashioned cxclusiveness of a hig^ price. The volumes may vary in thickness and 
consequent price ; and though an uniform appearance will be preserved, each work will be entirely distinct, 
and sold separately. 



THANKFULNESS. 28. Bd. 
TRUTH. 2s. 6d. 

EECORDS OF A GOOD MAN'S 
LIFE. 3s. 6d. 






OLD MINOR CANON. 3«. BcT. 
LEGENDS AND RECORDS. 3«. 6<i 
FACTS IN A CLERGYMAS'SUS'^*. 



SHADY SIDE. 3s. 6d. \ LIF^ klA^EaOfiSSa KSCa ^BOKS^^- 

OOLDEN SUNSET. 2s. 6d. \ T^\SS&, 7a,^^ 

ME00BD8 OF ALDEEiBROOK, 3».6d. 



1 



ilBtH 



1 



.- • > Jk. -.-^ •. 



r, .-' 



